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ABSTRACT 

Dual active galactic nuclei (AGNs) and offset AGNs are kpc-scale separation supermassive black 
holes pairs created during galaxy mergers, where both or one of the black holes are AGNs, respectively. 

These dual and offset AGNs are valuable probes of the link between mergers and AGNs but are 
challenging to identify. Here we present Chandra/ACl^ observations of 12 optically-selected dual 
AGN candidates at 2 ; < 0.34, where we use the X-rays to identify AGNs. We also present i/ST/WFCS 
observations of 10 of these candidates, which reveal any stellar bulges accompanying the AGNs. 

We discover a dual AGN system with separation Ax = 2.2 kpc, where the two stellar bulges have 
coincident [O III] A5007 and X-ray sources. This system is an extremely minor merger (460:1) that 
may include a dwarf galaxy hosting an intermediate mass black hole. We also find six single AGNs, 
and five systems that are either dual or offset AGNs with separations Ax < 10 kpc. Four of the 
six dual AGNs and dual/offset AGNs are in ongoing major mergers, and these AGNs are 10 times 
more luminous, on average, than the single AGNs in our sample. This hints that major mergers 
may preferentially trigger higher luminosity AGNs. Further, we find that confirmed dual AGNs have 
hard X-ray luminosities that are half of those of single AGNs at fixed [O III] A5007 luminosity, on 
average. This could be explained by high densities of gas funneled to galaxy centers during mergers, 
and emphasizes the need for deeper X-ray observations of dual AGN candidates. 

Subject headings: galaxies: active - galaxies: interactions - galaxies: nuclei 


1. INTRODUCTION 

Dual supermassive black holes (SMBHs) are < 10 kpc 
separation SMBH pairs that are created by galaxy merg¬ 
ers. T he dual stage lasts for ^100 Myr (jBegelman et al. 
1980), until tidal forces drag the SMBHs into sub-pc sep- 


aration binary SMBH orbits that are expected to culmi¬ 
nate in the coalescence of the two SMBHs. The galaxy 


SMBHs (e.g., Barnes & Hernquist 


Springel et al. 

2005 


Hopkins & Hernquist||2009| |Van W 

assenhove et al. 

2012 


Blecha et al. 2013), causing 

them to be observ- 


Greene||2Q14[) or dual AGNs ( Gerke et al.i|2007 ~ Comer- 


fo rd et al.||2009a[ ), respectively. 

Dual AGNs and offset AGNs are uniquely well suited 
to studies of the link between AGN activity and galaxy 
mergers, as they are actively accreting SMBHs in the 
midst of mergers. For example, AGNs can be triggered 
by major mergers of galaxies, secular processes includ¬ 
ing accretion from galactic halos, and cosniological ac¬ 
cretion along filaments (e.g., Norman fc Silk|1983 |Heck- 
man et M^|1984[ [Sanders et al.||1988[ [Martini fc Pogge 


1999| [Springel et al.||2Q05| IKorinendy fc Kennicntt||2004 


Hopkins fc Hernqnist||2006| |Li et al.||2008| |D^el et al 

2009), and the relative roles of these triggering mecha¬ 
nisms may depend on AGN properties. Galaxy merger 


simulations have predicted that major merge rs preferen¬ 
tially trigger th e most luminous AGNs (e.g., Hopkins & 
Hernquist||2009), but the observational evidence for this 
is still conflicted because of the difficul ty in building a 
clean sample of AGNs in mergers (e.g. , iKocevski et al 


20121 jTreister et al.|2012t|Villforth et al.j2014|. Dual and 

offset AGNs enable new and robust observational deter¬ 
minations of these sorts of connections between AGNs 
and galaxy mergers. 


candidates (e.g., Comerford et al.|2009bl|Xu & Komossa 

2009 

Barrows et al.||2012| Ge et al. |2012| [Barrows et al. 

2013 

Comerford et al. [[20131 

Fu et al. [[20141 [Huang et al. 

2014 

Imanishi & Saito[[2014 

[Shi et al.[[2014| [Woo et al. 

2014 

THE 

1 , there are still relatively few confirmed cases of dual 
s. The observational challenge lies in confirming 


dual AGN systems, which requires spatial resolution of 
the two individual AGNs. 

Some wavelength regimes are not, by themselves, well 
suited to making these confirmations. The detection of 
two AGN emission components in spatial l y resolved op- 


2011 


tical spectroscopy ( McGurk et al. [Greene et al 

Shen et al. 201 1[ jComerford et al.||2012[ |Fu et al. 


2012) is not alone proof of dual AGNs, as kinematics 
of the narrow-line region (NLR) around a single AGN 
can also produce multiple emission components. Optical 
and near-infrared imaging, especially when assisted by 





































































































2 


Comerford et al. 


TABLE 1 

Summary of Chandra and HST Observations 


SDSS Designation 

Chandra/ 
ACIS exp. 
time (s) 

Counts 
(0.5-8 keV) 

Chandra/ ACIS 
obs. date (UT) 

HST/WFC3 
F160W 
exp. time (s) 

HST/WFC3 
F814W 
exp. time (s) 

HST/WFC3 
F438W 
exp. time (s) 

HST/WFC3 
obs. date (UT) 

SDSS J014209.01-005050.0 

19804 

691.5 ±26.3 

2012-09-16 

147 

909 

1050 

2011-12-19 

SDSS J075223.35+273643.1 

29650 

15.4 ±4.0 

2011-12-21 

n/a 

n/a 

n/a 

n/a 

SDSS J084135.09+010156.2 

19801 

216.7 ± 15.0 

2012-02-25 

147 

900 

966 

2012-03-12 

SDSS J085416.76+502632.0 

20078 

7.5 ±2.8 

2012-02-10 

147 

1026 

1050 

2011-11-01 

SDSS J095207.62+255257.2 

19807 

43.6 ±6.6 

2012-10-02 

147 

900 

990 

2012-11-21 

SDSS J100654.20+464717.2 

19783 

11.5 ±3.5 

2013-01-14 

147 

972 

1050 

2012-03-30 

SDSS J112659.54+294442.8 

19798 

27.5 ±5.3 

2012-02-17 

147 

900 

990 

2012-05-12 

SDSS J123915.40+531414.6 

19804 

902.4 ±30.1 

2013-01-13 

147 

1026 

1050 

2012-09-12 

SDSS J132231.86+263159.1 

19807 

31.3 ±5.7 

2012-11-13 

147 

900 

990 

2012-02-13 

SDSS J135646.11+102609.1 

19804 

72.5 ±8.5 

2012-03-31 

147 

900 

978 

2012-05-19 

SDSS J144804.17+182537.9 

19807 

15.6 ±4.0 

2012-12-05 

147 

924 

1050 

2012-05-19 

SDSS J160436.21+500958.1 

29582 

60.3 ±7.8 

2011-12-02 

n/a 

n/a 

n/a 

n/a 


Note. — Column 2 shows the exposure time for the Chandra/ACIS observation. Column 3 shows the total number of counts observed in 0.5-8 
keV. Column 4 shows the UT date of the Chandra/ACIS observation. Columns 5, 6, and 7 show the exposure times for the HST/WFC3 F160W, 
F814W, and F438W observations. Column 8 shows the UT date of the HST/WFC3 observations. 
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Fig. 1.— 25" x 25" SDSS gri color composite images of the 12 
dual AGN candidates, centered on the coordinates of each SDSS 
spectrum. In each image, North is up and East is to the left. 


small separations (McGurk et al.||20111 

Rosario et al. 

2011 Greene et al.|2011| Shen et al.|2011| 

Fu et al.|2012p 


but cannot decipher whether both stellar components 
host AGNs. Even cases where two optical AGN emis¬ 
sion components are observed to be coincident with two 
stellar bulges can be explained by, e.g., a single AGN 
that is located between the two stellar bulges and that 
has extended emission. 

Gonfirmation of dual AGNs requires unambiguous spa- 


accomplished with radio 

(Rosario et al.||2010 Fu et al. 

2011| 

Tingay & Wayth|20 

illlDeane et al.|2014| Gabanyi 

et al. 

20141 Wrobel et al. 

2014a|bp or X-ray (JComerford 

et al. 

120111 IKoss et al.| 

+111 120121 I'i'eng et al.| 2U12 

Liu et al. 2013) observations. In this paper we focus 


the Chandra X-ray Observatory Advanced GGD Imag¬ 
ing Spectrometer {Chandra/ACIS)^ which is well suited 
to making dual AGN discoveries since it has the highest 
spatial resolution of any X-ray telescope. We also show 
multiband Hubble Spaee Teles eope Wide Field Gamer a 3 


{HST/WFC3) observations of 10 of the dual AGN candi¬ 
dates, to identify stellar bulges and place the dual AGNs 
in the larger context of their host galaxies. 

The 12 dual AGN candidates are AGNs that exhibit 
double-peaked narrow emission lines in the Sloan Dig¬ 
ital Sky Survey (SDSS), where follow-up optical long- 
slit spectroscopy show two AGN-fueled [O III] A5007 
emission components with angular separations (> 0775) 
that are larger than Chandra^s angular resolution limit. 
Our purpose is to use the Chandra and HST observations 
of these candidates (Table Q to identify dual AGNs and 
determine what types of galaxy mergers produce these 
systems. 

We assume a Hubble constant Hq = 70 km s“^ Mpc“^, 
Clrn = 0.3, and Cl a = 0.7 throughout, and all distances 
are given in physical (not comoving) units. 


2. THE SAMPLE 

The galaxies presented here were chosen from the par¬ 
ent sample of 340 unique AGNs with double-peaked nar¬ 
row emission lines identified in SDSS at 0.01 < 2 : < 0.7 


(|Wang et al. 2009 Smith et al.|p010 Liu et al. 2010). 
Such double-peaked prohles can oe produced by the rel- 
ative motions of dual AGNs, but also by a single AGN 
with outflows, jets, or a rotating gaseous disk (e. g., |Heck- 


man et ^|1981| |Grenshaw et al.||2000[ [Veilleux et al, 


2001[|Eracleous fc Halpern|2003| [Whittle fc Wilson|2004[ 


Das et al.|2005 Grenshaw et al.|2010| Fischer et al.|2011 ) 
Lbllow-up observations are required to distinguish be- 

tween these scenarios. 

For our sample, we selected the double-peaked 
AGNs where the follow-up long-slit spectroscopy showed 


Aa^foiiii > O'.'TS 

(IGomerford et al. 

2012 Greene et al. 

20111 |Shen et al. 

|201ip. The separation threshold was 


corresponding to the two [O III] A5007 emission compo¬ 
nents without difficulty. W e th en used the [O III] A5007 
fluxes measured in Section |3.1| and the [O III] A5007 to 
hard X-ray fl ux scaling relations measured by |Heckman| 


et al. (2005) for single AGNs to estimate the 2 — 10 
keV X-ray flux of each [O III] A5007 peak. We required 
that the estimated 2 — 10 keV fluxes of each peak be 
^x,2-iokeV > 8 X 10“^^ erg cm“^ s“^, so that each X- 
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TABLE 2 

Detections of X-ray Sources Corresponding to Optical Emission Sources 


SDSS Name 

z 

Ax 

{") 

[O III] 

III] 

(kpc) 

^[O III] 

(°) 

counts 

(0.3 - 8 keV) 

id. 

Xb 

id. 

^A 

amplitude 

Xb 

amplitude 

^A 

sig. 

Xb 

sig. 

Ref. 

J0142-0050 

0.133 

0.78 


0.07 

1.84 


0.16 

169.4 ±9.2 

731.6 

NW 

SE 

o-98lg:!^i 


>5f7 

1.5(7 

1 

J0752+2736 

0.069 

0.81 


0.07 

1.07 


0.09 

170.6 ±2.4 

26.4 

NW 

SE 

0.94l°°8 


0.8o- 

0.8(7 

1 

J0841+0101 

0.111 

3.60 


0.29 

7.28 


0.59 

47.3 ±3.1 

237.2 

NE 

SW 

i.UU_o 06 

u.uu_o 00 

>5f7 

0(7 

2 

J0854+5026 

0.096 

0.76 


0.02 

1.35 


0.04 

33.9 ±2.2 

8.3 

NE 

sw 


u.uu_o 00 

4.4(7 

0(7 

1 

J0952+2552 

0.339 

1.00 


0.05 

4.85 


0.24 

3.8 ±2.5 

44.6 

NE 

sw 

0.98l°;“ 

u.uz_o 02 

>5(7 

0.5(7 

1 

J1006+4647 

0.123 

0.83 


0.04 

1.82 


0.09 

91.2 ± 1.2 

10.2 

W 

E 


u.uu_o 00 

1.7(7 

0(7 

1 

J1126+2944 

0.102 

0.94 


0.10 

1.76 


0.19 

133.2 ±2.3 

26.6 

NW 

SE 

0.89l°;“ 

0 ii+O-ii 
’^•-‘--‘-- 0.06 

>5(7 

2.3(7 

1 

J1239+5314 

0.201 

0.39 


0.05“ 

1.29 


0.18 

40.6 ±3.5 

908.2 

NE 

SW 

o-98lg:!^i 

0 02“^°‘®^ 
'-'•'-'^- 0.02 

>5(7 

1.0(7 

1 

J1322+2631 

0.144 

2.35 


0.02^ 

5.94 


0.05 

79.7 ± 1.1 

29.8 

sw 

NE 


u.uu_o 00 

>5(7 

0(7 

3 

J1356+1026 

0.123 

1.33 


0.04“ 

2.94 


0.09 

5.1 ± 1.6 

78.6 

NE 

SW 

0.8U°;}2 

0 1 q+O-07 

>5(7 

4.4(7 

3 

J1448+1825 

0.038 

0.84 


0.08 

0.63 


0.06 

174.6 ±2.1 

15.8 

SE 

NW 


U.C)D_o 20 

4.8(7 

2.9(7 

1 

J1604+5009 

0.146 

1.05 


0.08 

2.69 


0.20 

98.2 ±5.4 

63.6 

NW 

SE 

i.UU o 28 

u.uu o on 

>5(7 

0(7 

1 


Note. — Column 3 shows the angular projected spatial separation between the two [O III] A5007 emission components, as measured from long- 
slit spectroscopy. Column 4 shows the corresponding physical projected spatial separation. Column 5 shows the position angle between the two 
[O III] A5007 emission features on the sky, as measured from long-slit spectroscopy in degrees East of North. Column 6 shows the total number of 
0.3 — 8 keV counts from the best-fit models to the stronger X-ray source (source Xa) and weaker X-ray source (source Xb) combined. Columns 7 and 
8 show the identifiers for Xa and Xb, based on their relative cardinal directions from one another. Column 9 shows the amplitude of the fit to source 
Xa- Column 10 shows the amplitude of a fit to source Xb, required to be at a position relative to the primary X-ray source such that the two X-ray 
sources have the same separation and position angle as the two [O III] A5007 emission components. Column 11 shows the significance of the detection 
of source Xa, and colu mn 12 shows the signific ance of the detection of source Xb- Column 13 shows references for the long-slit spectroscopy: (1) 
[Comerford et ah] ( |2012| ), (2) [Greene et al.] ( |2011| ), (3) this paper. 

^ We also detect another [O W A5007 emission component at a separation of l'.'20; see Section |4.2.3| __ 

^ Because the [O III] A5007 emission was only observed at one position angle (separation 271 at position angle 79° East of North; jshen et al.|2Qll| , 
it provides only a lower limit on the true separation of the emission components. To determine the full separation of emission components on the sky, 
we measured the spatial separation between Ha components in the i75T/F814W observations (Section |3.4| ). 

^ Because this galaxy also contains a large-scale outflow, the [O III] A5007 emission is very spatially extended and it is difficult to define a spatial 
separation Ax between [O III] A5007 emission components. Since much of the lOlII] A5007 emission coincides with two stellar bulges, we instead 
report the Ax between the two stellar bulges in the HST F160W image (Section |3.4|). 


ray source could be detected with < 30 ks exposures 
with Chandra. As a result, each target in our sample has 
an [O III] A5007 flux > 8 x 10“^^ erg cm“^ s“^ in each 
[O III] A5007 peak. 

The 13 galaxies that we selected in this way were ob¬ 
served over two separate programs for Chandra^ and 
for 10 of the galaxies we also obtained multiband 
HST/WFC3 imaging to examin e the host galaxies. On e 
of the galaxies was presented in Comerford et al. (2011), 
and we analyze the 12 remaining galaxies here. These 
galaxies are located at redshifts 0.04 < 2 : < 0.34, and 
two of them are classifled as Type 1 AGNs by their SDSS 
spectra while the others are classifled as Type 2 AGNs. 
SDSS images of the galaxies are shown in Figure 

3. OBSERVATIONS AND ANALYSIS 

3.1. Optical SDSS Spectra 

Using the SDSS spectrum of each target, we mea¬ 
sured the [O III] A5007 flux of each component of the 
double-peaked [O III] A5007 emission line and the line- 
of-sight velocity separation between them. We made an 
exception for SDSS J1239+5314, since our analysis shows 
that the two X-ray sources correspond not to the main 
double peaks, but to the blueshifted main peak and a 
third [O III] A5007 emission com ponent located between 
the main double peaks (Section 4.2.3). Consequently, 
for SDSS J1239+5314 we measured the [O III] A5007 
fluxes for the blueshifted [O III] A5007 emission com¬ 
ponent (corresponding to J1239+5314NE) and for the 
third [O III] A5007 emission component (corresponding 


to J1239+531SW) and the velocity separation between 
them. 

Eirst, w e used a gas and absorption line fitting code 
(gandalf; |Sarzi et al. 2006) to fit a stellar continuum 
model to each spectrum. After subtracting off the contin¬ 
uum models, we fit two Gaussians to the double-peaked 
[O III] A5007 emission line. Each Gaussian returned the 
flux of one of the peaks in [O III] A5007, and we then 
converted the fluxes to luminosities. Then, we used the 
central wavelengths of the two Gaussians to measure the 
line-of-sight velocity separation between them. The er¬ 
rors on the luminosities and velocities are propagated 
from the errors on the Gaussian fitting parameters. 

We did not apply reddening corrections to the fluxes, 
since these corrections use oversimplified dust models 
that introduce large uncertainties (e.g., Reyes et al. 
2008|), and because ultimately we will conipare the ob- 
served [O III] A5007 lum inosities to the observed X-ray 
luminosities (Section [5^ . 

3.2. Optical Long-slit Spectra 

All of our targets were observed with optical long-slit 
spectroscopy as follow-up to determine the spatial pro¬ 
files of their emission. The targets were observed us¬ 
ing a combination of the Kast Spectrograph on the Lick 
3 m telescope, the Dual Imaging Spectrograph on the 
Apache Point Observatory 3.5 m telescope, the Double 
Spectrograph on the Palomar 5 m telescope, the Blue 
Ghannel Spectrograph on the MMT 6.5 m telescope, and 
the Low-Dispersion Sur vey Spectrograph on the Magel- 
lan II 6.5 m telescope (Greene et al. 2011 Shen et al 
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Fig. 2.— Chandra 0.3 — 8 keV observations (left), model to the Chandra observations (middle), and imaging (right) for the two dual 
AGN candidates that were not a part of our HST program. In all panels. North is up and East is to the left. The left and middle panels 
are 5" x 5" images centered on the coordinates of each SDSS spectrum. The left panels show one-fourth size Chandra pixels (purple) and 
best-fit locations of two X-ray sources (green crosses) that coincide within 3cr to the locations of two observed [O III] A5007 components. 
The middle panels show the model fits to the two X-ray sources (purple) and the locations of two X-ray sources (green crosses). The right 
panels show an SDSS gri color composite image (top) and an archival HST image (red: FI05W; green: F62IM; blue: F547M; GO I252I, 
PI: Liu; bottom). 


2011 Comerford et al.l2012). All of the galaxies (with 
the exception of SDSS J1322+2631) were observed twice, 
with the slit oriented along two different position angles 
on the sky. For each galaxy the spatial separations be¬ 
tween [O III] A5007 emission components were measured 
at each slit orientation, and then combined to yield the 
true spatial separation of the two [O III] A5007 emission 
components on the sky Ax[oiii] and the true position 
angle of the two [O I^ A5007 emission components on 
the sky 6>[oiii] (Table 0. 

SDSS J1322+2631 was only observed once, with the 
slit oriented along the major axis of the galaxy. The long- 
slit spectrum, taken at a position angle of 79° East of 
North, revealed two [O III] A5 QQ7 emission comp onents 
separated by 271, or 5.3 kpc (Shen et al. 2011). This 
measurement provides a lower limit on the full spatial 
separation of the emission components on the sky. To 
determine the true spatial separation and position an¬ 
gle on the sky of the two emission sources, we measure 
the positions of the two Ra emission components visible 
in the i7gr/F814W observations of SDSS J1322+2631 
(Section |3.4| Table |^. 

The long-slit spectra of SDSS J1356-1-1026 revealed 
ionized line emission out to > 20 kpc, indicating the 


2011 


prese nce of a galaxy-wide outflow (Greene et al. 

2012). Because of the extreme spatial extent of the 
[O III] A5007 emission in this galaxy, pinpointing cen¬ 


troids of the [O III] A5007 emission from which to mea¬ 
sure a spatial separation is not feasible. Instead, we note 
that much of the [O III] A5007 emission spatially coin¬ 
cides with the locations of two stellar bulges visible in the 
HST F160W observations. We take the separation and 
posi tion angle between the stellar bulges on the sky (Sec¬ 
tion 3.4) to be representative of that of the [O III] A5007 
emission components (Table [^. 

3.3. Chandra/ACIS X-ray Observations 

The 12 targets were observed with Chandra/ACIS over 
the course of two programs, G01-12142X (PI: Gerke) 
and GO2-13130X (PI: Comerford). We based the ex¬ 
posure times for each target on the [O III] A5007 flux 
of each peak in the target’s doub le-peaked [O III] A5007 
profile (measured in Section 3.1). We used the scaling 
relations between the optical [O III] A5007 flux and the 
hard X-ray ( 2 — 10 keV) flux , as d etermined for sin¬ 
gle AGNs by |Heckman et al.| ([2005), to produce esti¬ 
mates of the hard X-ray flux of each peak in the double- 
peaked AGN. Since these scaling relations have consid¬ 
erable scatter (standard deviations of 1.06 dex for Type 
2 AGNs and 0.48 dex for Type 1 AGNs), we set the 
exposure times so that, even at la below the scaling re¬ 
lations, both peaks in each system should be observed 
with at least 15 counts. The exposure times ranged from 
20 ks to 30 ks (Table Q. 

The data were taken with the telescope aimpoint on 
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Fig. 3.— Chandra 0.3 — 8 keV observations (left), model to the Chandra observations (middle), and combined Chandra and HST 
observations (right) of each of the dual AGN candidates. In all panels. North is up and East is to the left. The left and middle panels are 
centered on the coordinates of each SDSS spectrum. The left and middle panels are all 5" x 5" except for the J0841+0101 and J1322+2631 
panels, which are 10" X 10". The left panels show one-fourth size C/iandra pixels (purple), F160W contours (red), and best-fit locations 
of two X-ray sources (green crosses) that coincide within 3a to the locations of two observed [O III] A5007 components. The middle panels 
show the model fits to the two X-ray sources (purple). The right panels are four-color images of HST F160W (red), F814W (green), F438W 
(blue), and Chandra 0.3 — 8 keV (purple, one-twelfth size pix els s moothed with a 16 pixel radius Gaussian kernel) observations of the dual 
AGN candidates. The astrometric shifts described in Section [3^ have been applied to properly align the Chandra and HST images. 


the ACIS S3 chip in “timed exposure” mode and teleme¬ 
tered to the ground in “faint” mode. We reduced the 
data with the latest Chandra software (CIAO 4.6.1) and 
the most recent set of calibration files (CALDB 4.6.2), 
and we reprocessed the data with the “chandra_repro” 
sc ript using the s ubpixel event repositioning algorithm 


of Li et al. 


(2004). We searched for intervals of strong 


background haring, but did not hnd any. 

For each galaxy, we made a sky image of the held 
with one-tenth size Chandra pixels (070492 per pixel) 
and events in the energy range of 0.3 — 8 keV. We t hen ht 
two-dimensional models to these i mages in She rpa (|Free-| 
man et al. 2001|) using modihed Cash (1979) statistics 
(“cstat” in bherpa). To properly sample the parame¬ 
ter space, we hrst employed a Monte C arlo optimization 
metho d and then followed up with the [Nelder fc Mead| 
(1965) optimization method (“simplex” in Sherpa). 

To determine if the double [O 111] A5007 emission com¬ 
ponents we observed in each target correspond to two 
X-ray sources, we constrained each X-ray model to con¬ 
tain two sources with a separation and orientation on the 
sky that were within 3cr of the measured separation and 
position angle of the two [ O 11 1] A5007 emission compo¬ 
nents on the sky (Section |3.2[ ). Each model also had a 
hxed background component, based on a source-free re¬ 
gion near the target. For the source model we used a 
(3 profile, which is a two-dimensional Lorentzian with a 


varying power law of the form I(r) = A(1 + {r/ro)‘^)~^ 
and is a good match to the Chandra PSF. We tied the 
power law index a to the ro parameter and required both 
components to h ave the same rg, whi ch was a model suc¬ 
cessfully used by Pooley et al. ([2009). The components’ 
positions and amplitudes were free parameters, and the 
best-fit amplitude of each component is given as a frac¬ 
tion of the total amplitude (Table [^. The best-fit posi¬ 
tions and models of the two X-ray sources are shown for 
each system in Figure and Figure 

Next, we calculated the significance of each of the two 
sources in the model. To do so, we set the amplitude 
of a source to zero and calculated the change in the fit 
statistic (“delta-cstat” in Sherpa). We then calculated 
what confidence interval corresponded to that change in 
“cstat”. These confidence intervals, in terms of equiva¬ 
lent Gaussian sigmas, are reported in Table 

Out of a possible 24 individual X-ray source detections 
(two X-ray sources per target for 12 targets), we detected 
16 X-ray sources at the > la level. Two sources are 
detected at 0.8cr, one source is detected at 0.5cr, and the 
remaining five sources are not detected and are given 
upper limits. 

Because the two X-ray sources in each galaxy have 
such small spatial separations, we cannot reliably ex¬ 
tract spectra and make response files for each source sep¬ 
arately. Instead, we extracted a spectrum of both sources 
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TABLE 3 

X-RAY Spectral Fits to Dual AGN Candidates 


SDSS Name 

'^ H,exqal 

r 

Reduced 

^X,0.5-8keV (abs) 

^X,2-10keV (abs) 

^x,o.5-8keV (unabs) 

^x,2-iokeV (unabs) 


(102O cm-2) 


C-stat 

erg cm~^ 

erg cm~^ 

erg cm~^ 

erg cm~^ 

J0142-0050 

< 0.009 


0.902 

313 

240 

323 

240 

J0752+2736 

< 0.072 

2.86+^;“ 

0.195 

5 

1 

5 

1 

J0841+0101 

< 0.005 

1 1 7+0.07 

' -0.11 

0.917 

127 

128 

131 

129 


iy.OOO_g 3g3 

1.7 (fixed) ^ 

0.816 

116 

164 

494 

358 


Z.OO-o 29 


47 

18 

52 

18 

J0854+5026 

< 0.318 

-'-•^^-0.68 

0.143 

7 

8 

10 

8 

J0952+2552 

< 0.129 

*^•^^-0.25 

0.425 

48 

68 

48 

68 


i.UOO Q 342 

1.7 (fixed)® 

0.467 

26 

26 

37 

27 

J1006+4647 

< 0.133 

i.OO-o 53 

0.134 

5 

4 

5 

4 

J1126+2944 

< 0.031 

U.UC)-o 33 

0.325 

33 

49 

33 

49 


3.468lJ;i32 

1.7 (fixed)® 

0.385 

28 

34 

58 

42 



1.7 (fixed) ^ 

0.290 

116 

139 

238 

172 


9.UD-0 83 


3 

0.6 

3 

0.6 

J1239+5314 

n [;:77+<J.U88 
‘ -0.084 

-^•^^-0.10 

1.052 

575 

592 

715 

610 

J1322+2631 

< 0.295 

’^•’^^-0.30 

0.333 

38 

57 

38 

57 


1 qqoTO-528 
-'■•^^'^-0.377 

1.7 (fixed)® 

0.358 

22 

23 

34 

25 

J1356+1026 

< 0.016 

oil +0.18 
^•^-^-0.22 

0.436 

26 

15 

27 

15 

J1448+1825 

< 0.049 

9 90+9.50 

^•^^-0.47 

0.169 

6 

3 

6 

3 

J1604+5009 

< 0.166 

— 0 21“^^'^'^ 
'^•^^-0.23 

0.510 

55 

87 

55 

87 


0 pri q+0.898 

^•OiC)g g73 

1.7 (fixed)® 

0.562 

36 

41 

65 

47 


Note. — Column 2 shows the extragalactic column density. Column 3 shows the best-fit spectral index. Column 4 shows the reduced Cash statistic. 
Column 5 shows the absorbed soft X-ray flux (0.5-8 keV). Column 6 shows the absorbed hard X-ray flux (2-10 keV). Column 7 shows the unabsorbed soft 
X-ray flux (0.5-8 keV). Column 8 shows the unabsorbed hard X-ray flux (2-10 keV). 

^ The best-fit spectrum was very hard and had little extragalactic absorption, so the fit was redone by freezing the spectral index to 1.7. 

^ The best-fit spectrum was very hard and had little extragalactic absorption, and the fit with the spectral index frozen to 1.7 was also poor, so the fit was 
redone with two spectral indices. This could be the case if one of the AGNs was heavily absorbed and the other was not. 


combined and fit the unbinned spectrum in Sherpa using 
cstat statistics and the simplex method. The initial spec¬ 
tral model for each system was a simple absorbed power 
law; the absorption consisted of a fixed component with 
column densit y set to the Galactic value in the direction 
of each AGN (Dickey & Lockman||1990) as well as a free 
component with a redshift fixed at that of the host galaxy 
and column density allowed to float to the best-fit value; 
in most cases, this free component was negligible. While 
this simple absorbed power-law model gave reasonable 
results in most cases, there were some instances where 
we needed to fix the spectral index T at a certain value 
and/or add an additional component. The results of the 
spectral fits are shown in Table 
For five of the systems (SDSS J0841+0101, SDSS 


J0952-1-2552, SDSS J1126+2944, SDSS J1322+2631, and 
SDSS J1604+5009), we found that the X-ray spectra are 
similarly well fit by several different models, including 
models with a frozen spectral index of T = 1.7 or models 
with two spectral indices. All of these different models 
are shown, for comparison, in TableIn these cases, we 
used the model with the smallest reduced Cash statistic 
in the analyses that follow. 

We applied the results of our two-dimensional image 
fits to assign appropriate fractions of the total number 
of counts and the total flux to each X-ray component. 
Then, we used the redshift to determine the distance to 
each system and convert the 2 — 10 keV flux of each X-ray 
component to its 2 — 10 keV luminosity (Table [^. 


3.4. HST/WFC3 F160W, F 8 I 4 W, and F438W 
Observations 

For each of the 10 systems observed with Chandra in 
GO2-13130X, we also obtained HST/WFC3 observations 
(GO 12754, PI:Comerford). Each galaxy was observed 
for one orbit, and the observations covered three bands: 
UVIS/F438W {B band), UVIS/F814W (/ band), and 
IR/F160W {H band). The exposure times are summa¬ 
rized in Table and a full analysis of the HST data 
will be presented in a forthcoming paper. Here, we focus 
primarily on the stellar bulges detected in the F160W 
observations. 


We used GALFIT V3.0 (Peng et al. 2010) to model 
the HST images for the purposes of locating the posi¬ 
tions of the central nuclei and for estimating flux ratios 
in systems with multiple nuclei. To avoid modeling com¬ 
plex and irregular gas kinematics, we only ran GALFIT 
models on the F160W images because they do not con¬ 
tain significant line emission from ionized gas and are 
sensitive to the central stellar bulges, which is the pri¬ 
mary component of interest. For one exception, SDSS 
J1322+2631, we also ran a double-Sersic model on the 
F814W image to estimate the projected on-sky separa¬ 
tion and pos ition angle between Ha emission components 
(see Section 3.2). 

For each galaxy, we fit models that consist of Sersic 
profiles, AGN point sources (represented by PSFs), and 
a uni form sky backgro und component. We used TINY- 
TIM (|Krist et al.|2011|) to generate the PSF images used 


for input to GALFIT, and we re-binned them to the same 
pixel scale as the HST/F160W images. In all cases we 
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TABLE 4 

Observed X-ray and [O III] A5007 Luminosities for Each Source 


SDSS Name 

Counts 

I^X,2-10keV (abs) 

I-x,2-i0keV (unabs) 

Type 

^[O III] A5007 


(0.3 - 8 keV) 

(10^° erg s“^) 

(10^° erg s“^) 


(10^° erg s“^) 

J0142-0050NW 

7i7.oli|;8 

1101 3+22-5 

iiUi.O_gg g 

1101 3+22-5 

iiUi.O_gg g 

2 

14.9 ±0.9 

J0142-0050SE 

14.6Nj 

99 p: + 11-2 

ZZ.O ii 2 

99 p: + 11-2 

ZZ.O ii 2 

2 

13.3 ±1.0 

J0752+2736NW 

24.8+^:S 

1 4+*^-i 

1 4+*^-i 

^•^-0.3 

2 

7.2 ±0.1 

J0752+2736SE 

^•'^-1.6 

0 1+®-^ 

O.llol 

2 

10.0 ±0.1 

J0841+0101NE 

237.2t^A^ 

576 9+^-'^ 

0/D.U_34 g 

1192.11°7i°5 

2 

100 ± 30 

J0841+0101SW 

< 2.4 

< 5.8 

< 11.9 

2 

100 ± 30 

J0854+5026NE 

o q + U.U 

1 7 3+^-^ 

+^-6.8 

19.0+?1 

2 

10.3 ±0.3 

J0854+5026SW 

< 0.8 

< 1.7 

< 1.9 ■ 

2 

10.2 ±0.3 

J0952+2552NE 

43 7+'^-^ 

TO. < _i2.9 

2555.8l“g"3 

2559.6l??7^4 

1 

110.1 ±20.4 

J0952+2552SW 

0 9“^^'^ 

*^•^-0.9 

[r9 g+130.4 
o^.^52.2 

[-9 g+130.6 
o^.^52.2 

2 

68.8 ±13.5 

J1006+4647W 

-LD.Z_io 2 

15.2l?5°2 

15.3l?5°3 

2 

14.2 ±0.5 

J1006+4647E 

< 5.7 

< 8.5 

< 8.5 

2 

17.8 ±0.7 

J1126+2944NW 

VTUTl 

328.611°;? 

406.3+??3"3 

2 

18.5 ±0.3 

J1126+2944SE 

2.9tli 

40.6l«? 

50.2l“-2 

2 

16.8 ±0.3 

J1239+5314NE 

890.0+72 7 

6742.4l^+''8 

6947.4l??+« 

n/a“ 

22.6 ±1.9 

J1239+5314SW 

1 S 9 + 18.2 

1o-^18.2 

1 37 B + 137.6 

iO/ .0 13-J. 6 

1 ZL1 q + 141.8 

n/a 

6.7 ± 1.7 

J1322+2631SW 

29.8+5? 

316 7+'^-'^ 

OiD. /_53 8 

316 7+'^-^ 

OiD. /_53 8 

2 

20.0 ±0.6 

J1322+2631NE 

< 0.6 

< 6.3 

< 6.3 

2 

27.1 ±0.5 

J1356+1026NE 

63.7l?;| 

46.41?;? 

46.41?;? 

2 

387.3 ± 0.5 

J1356+1026SW 

I4.9l4;7 

10.911° 

10.9l+° 

2 

140.9 ± 0.5 

J1448+1825SE 

10.U^( 

o.6l?;? 

o.6l?;? 

2 

3.4 ±0.1 

J1448+1825NW 

5.718° 

o.3l?;? 

0.3l?;? 

2 

2.5 ±0.1 

J1604+5009NW 

63.6l?4°6 

500.8+?l5.2 

500.8+?4°5.2 

2 

17.2 ±0.7 

J1604+5009SE 

< 0.6 

< 5.0 

< 5.0 

2 

16.7 ±0.6 


Note. — Column 2 shows the total 0.3 — 8 keV counts in the model fit to each X-ray source. Column 3 
shows the absorbed hard X-ray luminosity (2-10 keV). Column 4 shows the unabsorbed hard X-ray luminosity 
(2-10 keV). Column 5 shows the AGN type, based on the optical spectra. Column 6 shows the observed 
luminosity of [O III] A5007, as measured from the optical spectra. 

^ The SDSS spectrum is classified as Type 1, but the type of each individual component is not known. 


adopted the simplest model that provided a satisfactory 
reduced statistic and that successfully converged on 
the central components. GALFIT outputs the positions 
of the sources and their integrated magnitudes, which we 
converted to a luminosity ratio foi* the sys¬ 

tems with two stellar bulges. We then use this lum inosity 
ratio as a proxy for the merger ratio (Section 5.2). 

In cases where a galaxy merger has clearly occurred, 
the observed morphologies may differ significantly from 
the idealized profiles of the components available in 
GALFIT. However, our goals of this modeling are to 
estimate the positions of the stellar bulges and the in¬ 
tegrated fluxes of the stellar bulges, both of which are 
successfully accomplished using GALFIT. In all but two 
cases, Sersic components alone were sufficient to converge 
on the central stellar bulges, and no AGN point sources 
were required. The exceptions are SDSS J0841-1-0101SW 
(the Sersic component is offset due to an extended tidal 
tail) and SDSS J1126+2944SE (too faint and compact 
for a Sersic component). 

For errors on the positions of the stellar bulges, we used 
the uncertainties generated by GALFIT. As discussed in 
Peng et al. (2010), the uncertainties are purely statistical 
and represent lower limits on the errors since they do not 
account for deviations between the galaxy morphologies 
and the idealized profiles. 


3.5. Astrometry 


In order to identify whether any Chandra sources align 
with the stellar bulges seen in the HST data, we need 
an understanding of the astrometric errors. First, we 
searched for strongly-detected, off-nuclear sources com¬ 
mon in both the HST/F160W and Chandra/ACIS fields 
of view (FOVs) to determine the astrometric correction 
between the two images and the corresponding astromet¬ 
ric uncertainty. We used the F160W images because they 
have the largest FOV (70" x 62") of the three HST fil¬ 
ters that we used, which optimizes the number of sources 
available for registration. To detect strong sources and 
find their positional ce ntroids in the HST ima ges, we 
used Source Extractor (Bertin & Arnouts 1996) with a 
detection threshold of 3cr. The uncertainties associated 
with the Source Extractor positions are based on the rms 
errors after background subtraction. 

To detect and measure positions of the X-ray sources, 
we used “wavdetect” to find the positions for all sources 
in the Chandra/ACIS images with a detection threshold 
of 10“^ (“sigthresh”). The positional errors are la un¬ 
certainties based on the inverse variance of the flux. The 
Chandra/ACIS EOV is 504" x 504", and we required that 
X-ray sources used for registration be within 3'.0 of the 
aimpoint, where the 99% absolute uncertainty radius is 
< 078. Eor one exception, SDSS J1006+4647, it was 
necessary to expand the radius of Chandra/ACIS detec¬ 
tions to 4.'5 to find any matches. We visually inspected 
all optical and X-ray matches to ensure that they are 
associated with the same source. 
























10 


Comer ford et al. 


TABLE 5 

Astrometry Measurements 


SDSS Name 

ncs 

riHS 

riHC 

^^ast (^0 

J0142-0050 

2 

4 

0 

0.0771 

J0841+0101 

3 

5 

1 

0.5882 

J0854+5026 

3 

2 

0 

0.2307 

J0952+2552 

3 

1 

0 

0.0968 

J1006+4647 

1 

1 

0 

0.3278 

J1126+2944 

1 

1 

0 

0.3018 

J1239+5314 

3 

3 

0 

0.1868 

J1322+2631 

2 

1 

1 

0.7779 

J1356+1026 

1 

1 

0 

0.4164 

J1448+1825 

2 

4 

0 

0.1192 


Note. — Column 2 shows the number of sources 
matched between Chandra and SDSS gri images. 

Column 3 shows the number of sources matched 
between HST/F160W and SDSS gri images. Col¬ 
umn 4 shows the number of sources matched be¬ 
tween HST/F160W and Chandra images. Column 5 
shows the astrometric accuracy measurement based 
on matching these sources. 

Due to the small number of detected Chandra/ACIS 
sources and the relatively small HST/FIQOW FOV, we 
were able to directly register the HST/F160W and Chan¬ 
dra/ACTS images for only two of the targets (SDSS 
J0841+0101 and SDSS J1322+2631). For the remain¬ 
ing eight targets, we used the SDSS fields as interme¬ 
diate frames because the SDSS FOV (810" x 560") is 
comparable to that of Chandra/ACIS and significantly 
increases the number of matched sources. We measured 
positions of the sources in the SDSS frames using Source 
Extractor with the same parameters that we used on the 
HST/F160W frames. We then determined astrometric 
corrections from the HST to SDSS images and astro- 
metric corrections from the SDSS images to the Chan¬ 
dra images. The difference between these two measure¬ 
ments yields the astrometric correction between HST and 
Chandra. 

The errors in the spatial offsets between the positions 
of a matched source in two images were determined by 
adding in quadrature the positional errors from the de¬ 
tections in each image. Once all of the matched sources 
were identified and their individual offsets measured, we 
removed any sources that had offsets > la from the 
mean offset. We then determined the final astrometric 
correction between any two images by taking the error- 
weighted average of all of the remaining offsets. To fur¬ 
ther reduce the astrometric uncertainty, we determined 
these corrections separately using three SDSS filters with 
the highest sensitivities {g, r, and i) and adopted the 
error-weighted average of those three corrections as the 
final correction. Table shows the corresponding astro- 
metric uncertainty for each object. 

3.6. WISE Observations 

We also examine the mid-infrared colors from the 
Wide-field Infrared Survey Explorer ( WISE) for all of our 
targets to determine the relative contributions of AGN 
activity and star formation to our observed X-ray lu¬ 
minosities. WISE mapped the full sky in four bands 
at 3.4 yum, 4.6 /im, 12 yum, and 22 yum (Wl, 1F2, 1F3, 
and 1F4, respectively), and the WISE colors are useful 
because they can identify even heavily obscured AGNs. 
AGNs are identified by Wl —kF2 > 0.8, as determined by 
comparing the Spitzer mid-infrared color-color diagnos¬ 



Fig. 4.— Mid-infrared WISE color-color plot oiWl — W2 ([3.4]- 
[4.6]) against W1 — WA ([3.4]-[22]) for our 12 targets. The dashed 
horizontal line indicates the AGN criterion of|Stern et al.| (|2012|). 
The four targets above the dashed line have mid-mtrared tluxes 
dominated by AGN emission, while the eight targets below the 
dashed line have mid-infrared fluxes dominated by star formation. 


tics for AGNs ( Stern et al.||2QQ 5| to the WISE colors of 
COSMOS galaxies Intern et al.|2012 ) and con ibining the 
WISE data with SDSS optical observations (lYan et al. 


2013). While the W1 — W2 selection of AGNs is clean 


i.e., few false posi tives), it is also very incomplete (e.g., 
Mateos et aH2013|). Since the most obscured AGNs may 
be best identified at longer wavelengths such as 1F4, we 
plot W1 — W2 against W1 — WA in Figure 
As shown in Figure we find that four of 
our systems (SDSS J0841+0101, SDSS J0952+2552, 
SDSS J1322-1-2631, and SDSS J1356+1026) have AGN- 
dominated mid-infrared fluxes. Of the eight objects with 
mid-infrared fluxes that are consistent with significant 
contributions from star formation, the two objects with 
the reddest W1 — WA colors (SDSS J0752-1-2736 and 
SDSS J1006+4647) may be highly obscured AGNs. For 
all eight systems with W1 — W2 < 0.8, we estimate 
the contribution to the observed X-ray emission from 
star formation. First, we calculate the rest-frame 12 
yum monochromatic luminosity for each system, and then 
convert this luminos ity to the total infrared luminosity 
from star formation (iCaputi et al.||2006t | Chary & Elbaz 


20011 lElbaz et al.|2002p. Then, we iise the scalings of|Eell 
punS ) to convert the infrared luminosity due to star for- 


mation to a star formation rate. Einally, we determine 
the expected 0. 5 — 8 keV X-ray lu minosity for this star 
formation rate ( Mineo et al.||2014| ). 

The results are given in Table We find that only 
two systems, SDSS J0752+2736 and SDSS J1006+4647, 
could have a significant contribution (40 — 50%) of star 
formation to the observed Chandra X-ray luminosities. 

3.7. Photoionization 

Einally, we consider the contribution of photoionized 
gas to our observed X-ray luminosities. We are searching 
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TABLE 6 

Star Formation Contributions to X-ray Observations 


SDSS Name 

Interpretation of 
WISE colors 

SFR 

(M0 yr-i) 

l"X,SF,o.5-8keV (unabs) 
(10^° erg s“^) 

l"X,SF,o.5-8keV (unabs) / 
-^X,observed,0.5 —8keV (unabs) 

J0142-0050 

SF 

9.92 

4.0 

0.003 

J0752+2736 

SF 

6.73 

2.7 

0.47 

J0841+0101 

AGN 




J0854+5026 

SF 

2.25 

0.9 

0.04 

J0952+2552 

AGN 




J1006+4647 

SF 

20.65 

8.1 

0.41 

J1126+2944 

SF 

1.97 

0.8 

0.001 

J1239+5314 

SF 

52.06 

20.9 

0.003 

J1322+2631 

AGN 




J1356+1026 

AGN 




J1448+1825 

SF 

0.59 

0.2 

0.12 

J1604+5009 

SF 

4.26 

1.7 

0.005 


Note. — Column 2 shows whether the WISE colors are dominated by star formation (SF) or AGN. Column 
3 shows the star formation rate (SFR) inferred from the infrared luminosity. Column 4 shows the unabsorbed 
0.5 — 8 keV X-ray luminosity, predicted from the SFR. Column 5 shows the fraction of the total unabsorbed 0.5 — 8 
keV X-ray luminosity observed with Chandra that could be due to star formation. 


for double X-ray sources corresponding to dual AGNs, 
but a single AGN photoionizing the surrounding gas 
could also produced extended soft X-ra y emission (e.g., 
Bianchi et al. 2006 Wang et al. 2011). The observa- 
tional signatures of such photoionized gas include a soft 
X-ray spectrum and a small value for the ratio of soft 
X-r ay luminosity to [O III] A5007 luminosi ty 0.1 to 
0.3; iBianchi et al.||2006 Wang et al. 2011). We exam¬ 


ine our dual AGN candidates for any clear examples of 
X-ray and [O III] A5007 emission sources that could be 
produced by photoionization (Section |^. 

4. NATURE OF THE 12 DUAL AGN GANDIDATES 

Here, we combine the [O III] A5007 long-slit spectra, 
Chandra observations, and HST observations for each of 
the 12 AGNs with double-peaked narrow emission lines 
to determine its physical nature. We conclude that one is 
a dual AGN system, five are dual AGNs or offset AGNs, 
and six are most likely single AGNs, as discussed below. 

4.1. One Dual AGN System 

We define dual AGNs using a combination of our 
[O III] A5007, Chandra^ and HST observations of each 
candidate. By this approach, a galaxy hosts dual AGNs 
if it contains two X-ray sources (each detected at > 2a) 
that have the same spatial separation and orientation 
as the two [O III] A5007 emission components (to within 
3cr) and that coincide with two stellar bulges (to within 
3a in astrometric accuracy; this is given by AO/AOast in 
Table I^. Here, our interpretation is that the two stel¬ 
lar bulges are the remnants of the merging galaxies and 
each hosts an AGN that is visible in [O III] A5007 and 
in X-ray. 

We find two systems that fit these criteria: SDSS 
J1126+2944 and SDSS J1356+1026. However, SDSS 
J1356+1026 has known soft X-rays associated with an 
outflowing bubble that complicate the identification of 
dual AGNs. To be conservative, we categ orize i t as ei¬ 
ther dual AGNs or an offset AGN (Section |4.2.5). 

This leaves SDSS J1126+2944 as the only confirmed 
dual AGN system, and we present a summary of its prop¬ 
erties in Table The line-of-sight velocity separations 
between the two AG Ns’ [O III] A5QQ7 emissi on compo¬ 
nents are taken from Gomerford et al. (2012). We mea¬ 


sured three different projected spatial separations be¬ 
tween the AGNs: the separation between [O III] A5007 
emission components ( Tab le , the separation between 
X-ray sources (Section |3.3 ), and the separation between 
the stellar bulges hosting tne AGNs (Section |3.4j ). In Ta¬ 
ble 1^ we show the mean of these three separation mea¬ 
surements, weighted by their inverse variances. 

SDSS J1126+2944 is the fourth dual AGN system to 
be identified, via spatial resolution of two AGNs in X-ray 
or radio, from the parent sample of galaxies with double- 
peaked narrow AGN emission lines in their SDSS spectra. 
One dual AGN system at ^ = 0.39 was confirmed by 
double radio cores observed by the Jansky Very Large 
Array, whe re the separati on between the AGNs is 174 


or 7.4 kpc (Fu et al. 


2011). Two additional dual AGNs 


were identified by Chandra observations of double X-ray 
sources: one system at 2 : = 0.18 with the AGN X-ray 
sources separated by 0782 or 2.5 kpc, and one system at 
2 : = 0.13 wi th the AGN X-r ay sources separated by 3703 
or 7.0 kpc (|Liu et al.|j2013|. The new dual AGN system 
presented here, SDSS J1126+2944, is unique because it 
has a lower redshift {z = 0.102) and a smaller separation 
(2.19 kpc) than these other three dual AGN systems. 
It is also unique because one of the two stellar bulges 
in the mergin g system is much fainter than the other 
(Section |4.1.1 ). 

For the special case of galaxies with SDSS spectra that 
exhibit double-peaked narrow AGN emission lines, where 


both [O III] A5007 peaks have fluxes > 8 x 10“^^ erg 
cm“^ s“^, and where two [O III] A5007 emission com¬ 
ponents are spatially separated by > 0775 on the sky, 
we conclude that the dual AGN fraction is at least 8% 
( 1 / 12 ). 

We discuss SDSS J1126+2944 individually in the sub¬ 
section below. 


4.1.1. SDSS J1126+2944: Dual AGNs 
SDSS J1126+2944 is a Type 2 AGN with double- 


peake d emission lines (Wang et al.| 2009[ Liu et al. 


2010), and follow-up observations showed tnat the dou¬ 


ble peaks are produced by two [O III] A500 7 emission 
components separated by 0794, or 1.76 kpc (Gomerford 


et al. 2012). These two sources, J1126+2944NW and 


J1126+2944SE, spatially coincide with two components 
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TABLE 7 

Chandra and HST Positions of Each Source 


SDSS Name 

^'^Chandra 

^^^Chandra 

FAhst 

BEChst 

A6»(") 

^0 / AOast 

Galaxy i: 
Galaxy 2 

Merger Ratio 

R.,iT*,2) 

J0142-0050NW 

J0142-0050SE 

01:42:09.008 

01:42:09.034 

-00:50:49.98 

-00:50:50.59 

01:42:09.003 

n/a 

-00:50:49.94 

n/a 

0.0850 

n/a 

1.10 

n/a 



J0841+0101NE 

J0841+0101SW 

08:41:35.079 

08:41:34.913 

+01:01:56.26 

+01:01:53.90 

08:41:35.090 

08:41:34.894 

+01:01:56.40 

+01:01:53.84 

0.2164 

0.2912 

0.37 

0.50 

NE:SW 

1.4 

J0854+5026NE 

J0854+5026SW 

08:54:16.808 

08:54:16.761 

+50:26:32.08 

+50:26:31.43 

08:54:16.776 

n/a 

+50:26:32.10 

n/a 

0.4804 

n/a 

2.08 

n/a 



J0952+2552NE 

J0952+2552SW 

09:52:07.608 

09:52:07.597 

+25:52:57.29 

+25:52:56.27 

09:52:07.611 

09:52:07.604 

+25:52:57.23 

+25:52:56.24 

0.0750 

0.1092 

0.77 

1.13 

NE:SW 

2.0 

J1006+4647W 

J1006+4647E 

10:06:54.222 

10:06:54.300 

+46:47:16.62 

+46:47:16.63 

10:06:54.237 

n/a 

+46:47:16.71 

n/a 

0.2423 

n/a 

0.74 

n/a 



J1126+2944NW 

J1126+2944SE 

11:26:59.558 

11:26:59.622 

+29:44:42.48 

+29:44:41.69 

11:26:59.569 

11:26:59.631 

+29:44:42.63 

+29:44:41.92 

0.2230 

0.2667 

0.74 

0.88 

NW:SE 

460 

J1239+5314NE 

J1239+5314SW 

12:39:15.452 

12:39:15.417 

+53:14:15.14 

+53:14:14.77 

12:39:15.454 

12:39:15.454 

+53:14:15.14 

+53:14:15.14 

0.0300 

0.6670 

0.16 

3.57 

SW:NE 

1.1 

J1322+2631SW 

J1322+2631NE 

13:22:31.803 

13:22:31.976 

+26:31:58.72 

+26:31:59.23 

13:22:31.796 

13:22:31.968 

+26:31:58.65 

+26:31:59.02 

0.1262 

0.2419 

0.16 

0.31 

SW:NE 

6.4 

J1356+1026NE 

J1356+1026SW 

13:56:46.115 

13:56:46.104 

+10:26:08.83 

+10:26:07.59 

13:56:46.128 

13:56:46.120 

+10:26:08.61 

+10:26:07.29 

0.2940 

0.3842 

0.71 

0.92 

SW:NE 

3.0 

J1448+1825SE 

J1448+1825NW 

14:48:04.183 

14:48:04.173 

+18:25:37.68 

+18:25:38.68 

14:48:04.186 

n/a 

+18:25:37.75 

n/a 

0.0832 

n/a 

0.70 

n/a 




Note. — Columns 2 and 3 show coordinates measured from Chandra/ACIS observations. Columns 4 and 5 show coordinates measured 
from i/ST/WFCS/FlGOW observations. Column 6 shows the difference between the Chandra and HST positions AO. Column 7 shows 
the ratio of the difference between the Chandra and HST positions AO and the astrometric accuracy AOast- For the galaxies with two 
stellar bulges detected in i75T/F160W observations, column 8 identifies the more luminous bulge (Galaxyi) and the less luminous bulge 
(Galaxy 2 ). Column 9 shows the merger ratio ^ wh ich is estimated as the ratio of the stellar bulge luminosities. 

^ The astrometric shifts described in Section |3.5| have been applied to the Chandra source positions. 


in the HST/F160W observations, to within 0.9 times the 
astrometric error. 

J1126+2944NW is detected at the > 5cr level in 0.3 — 8 
keV X-rays, while J1126H-2944SE is detected at 2.3cr. 
The best fit to the X-ray spectrum is a two-component 
spectral index model, with one spectral index fixed at 
r = 1.7 and the other allowed to vary, yielding a best- 
fit value of r = 3.06 (Table [^. This two-component 
spectral index model could be explained by the combined 
X-ray contribution of the two AGNs, where one is heavily 
absorbed and the other is not. However, we note that 
there are so few X-ray counts that the spectrum is almost 
as well fit by an extremely hard spectrum (T = 0.03) 
or a fixed single spectral index of T = 1.7. Deeper X- 
ray observations are needed to distinguish between these 
scenarios. 

The fascinating component of this galaxy is 
J1126+2944SE. J1126+2944SE is faint in the E160W 


image (460 times fainter than J1126+2944NW), and 
was not identified in a 120 second image taken in 
the near-infrared {Kp) with the Keck la ser guide star 
adaptive optics system (Eu et al.||2012|). However, it 
is also detected in our E814W and E438W images. 
We detect J1126+2944SE in the HST/F160W data 
with a significance of 2.4(7 above the primary galaxy 
background, and we have marked its location with an 
arrow in Eigurej^ The merger ratio of J1126+2944NW 
to J1126+2944SE is 460:1. 


J1126+2944SE is also pointlike. In the E160W image, 
we fit it with a PSE model using GALEIT and found 
that 57% of the total PSE intensity is contained in the 
central 4 pixels. An upper limit on the half-light radius 
is therefore 1 pixel, which corresponds to 280 pc (0713). 

It is possible that J1126+2944SE is a foreground or 
background source that is not physically associated with 
the main galaxy. Since we observe an [O III] A5007 


emission component at the location of J1126+2944SE 
that has a redshift close to systemic, we conclude that 
J1126+2944SE is most likely associated with the galaxy. 

Since J1126+2944SE is pointlike, it can be classified 
as an ultraluminous X-ray source (ULX). ULXs are vari¬ 
able off-nuclear X-ray sources, and some of them may 
be produced by int ermediate mass black holes (e.g., 
Kaaret et al.||2003|). However, the observed [O III] 
luminosity ([1.68 ± 0.03] x 10^^ erg s“^) and 2 — 10 
keV luminosity (4.06l2!22 erg s“^) are signifi¬ 


cantly above whnEax^Wpic^ly^^ (e.g., 

Gseh et al.||2MT| [Walton et al.|[MT] ). The 


A,2-i0kev/^[O III] A5007 i*atio for J1126+2944SE is 


also within the s catter observed for Type 2 AGNs (Heck- 


man et al.| 

2005|). 

J1126+ 

:944SE 


bears a striking resemblance to HLXl, 
a hyperluminous X-ray source in the galaxy ES0243-49. 
HLXl is a bright, pointlike X-ray source with a point- 
like optical counterpart, and it is spatially offset from 
the center ( pf the host galaxy (Earrell et al ||20Q9 |Godet 


tne center oi tne nost galaxy (Farrell et al.||^Ul 
et al.|2009 Webb et al.j201(i ). The variable 0.2 — iO keV 
X-ray luminosity reaches up to 1.2 x 10^^ erg s“^, which 


implies a black hole mass > 500 Mq. HLXl is seen in 
an edge-on disk galaxy, just as SDSS J1126+2944 is an 
almost edge-on disk galaxy. It has been suggested that 
HLXl is the central intermediate mass black hole of a 
dwarf galaxy that was consumed by ES0243-49. Sim¬ 
ilarly, J1126+2944SE could be the remnant black hole 
from a minor merger interaction with SDSS J1126+2944. 
In fact, SDSS J1126+2944 shows evidence of tidal disrup¬ 
tion in the northwest region of the galaxy. 

Another analogy to J1126+2944SE may be M60- 
UGDl, which is an ultra-compact dwarf galaxy hos ting a 
black hole of mass 2.1 x 10^ Mq (Seth et al.||2014). The 


high black hole mass fraction suggests that M60-iJGDl 














































Merger-driven Fueling of Active Galactic Nuclei 


13 


TABLE 8 

Summary of the One Confirmed Dual AGN System and Five Dual/Offset AGNs 


SDSS Name 

Redshift 

Type 

Av (km s“^) 

Ax (kpc) 

Galaxy i: 
Galaxy 2 

Merger Ratio 
(L*,i/L*,2) 

Lbol,il 

Lbol,2 

fEdd,ll 

fEdd,2 

Glassification 

J1126+2944 

0.102 

2 

310 + 5 

2.19 + 0.02 

NW:SE 

460 

1.1 

0.002 

Dual AGNs 

J0841+0101 

0.111 

2 

0 

8.00 + 0.01 

NE:SW 

1.4 

1.0 

0.726 

Dual/Ofiset AGN 

J0952+2552 

0.339 

1/2“ 

438 ± 18 

4.82 + 0.05 

NE:SW 

2.0 

1.6 

0.811 

Dual/Offset AGN 

J1239+5314 

0.201 

n/ah 

359 ± 23 

4.19 + 0.01 

SW:NE 

1.1 

0.3 

0.265 

Dual/Offset AGN 

J1322+2631 

0.144 

2 

401 + 5 

5.99 + 0.01 

SW:NE 

6.4 

0.7 

0.116 

Dual/Offset AGN 

J1356+1026 

0.123 

2 

454 + 12 

2.93 + 0.02 

SW:NE 

3.0 

0.4 

0.121 

Dual/Offset AGN 


Note. — Column 3 shows the AGN type, based on the optical spectra. Column 4 shows the line-of-sight velocity separation between the 
dual AGNs, given as the velocity separation between [O III] A5007 peaks. Column 5 shows the projected spatial separation on the sky. For 
the dual AGNs, this is given as the weighted mean of the spatial separations that we measured between [O III] A5007 emission components. 
X-ray sources, and stellar bulges. For the dual/offset AGNs, this is given as the separation between the stellar bulges. Column 6 identifies 
the more luminous bulge (Galaxyi) and the less luminous bulge (Galaxy 2 ) in the system. Column 7 shows the merger ratio of the two stellar 
bulges observed in i/ST/FlbOW, as determined by their luminosity ratio. Column 8 shows the ratio of the AGN bolometric luminosities, 
while column 9 shows the ratio of the Eddington fractions. Column 10 shows our classification of each system, where a dual/offset AGN is 
a system that is either dual AGNs or an offset AGN. 

^ J0952-I-2552NE is a Type 1 AGN, and J0952-|-2552SW is a Type 2 AGN (Section |4. 2. 2| ). 

^ J1239+5314NE is likely a Type 1 AGN, and J1239+5314 is a Type 1 or a Type 2 AGN (Section [Z^ . 


may be the remnant of a galaxy that was once more mas¬ 
sive, but was tidally stripped during an encounter with 
the galaxy M60. Likewise, J1126+2944SE may be a su- 
permassive black hole in the remnant stellar nucleus of 
a galaxy that was tidally stripped by SDSS J1126+2944. 
Ultra-compact dwarf galaxies such as M60-UCD1 have 
half-light radii of 3 —50 pc. We measure an upper limit of 
280 pc for the half-light radius of J1126+2944SE, which 
indicates that its actual size may fall in the regime of 
ultra-compact dwarf galaxies. 

The question of interest is the mass of the black 
hole in J1126+2944SE. Is it an intermediate mass black 
hole that originated in a dwarf galaxy, or is it a su- 
permassive black hole that originated in a more mas¬ 
sive galaxy? Both scenarios require that the progeni¬ 
tor galaxy lost much of its mass to tidal stripping, and 
SDSS J1126+2944 does show signs of tidal disruption 
itself. Coincident measur ements of J1126+2944SE’s X- 
ray and rad io fluxes (e.g., [Merloni et aT]|2QQ3 Giiltekin 
et al. 2009) would enable the black hole mass measure¬ 


ment necessary to decipher the nature of this peculiar 
source. 

4.2. Five Dual/Offset AGNs 

We define the “dual/offset AGNs” as the galaxies that 
are either dual AGNs or offset AGNs, where offset AGNs 
are galaxy mergers where only one of the two merging 
stellar bulges hosts an AG N (e.g., [Barth et al. 2008 


Comerford & Greene 2014[). Dual/offset AGN systems 


have two [O IIIJ A5007 eniission components with the 
same spatial separation and orientation on the sky as 
two stellar bulges (to within 3cr), but two coincident X- 
ray sources are not detected at the > 2cr level. The 
four dual/offset AGNs that fit these criteria are SDSS 
J0841+0101, SDSS J0952+2552, SDSS J1239+5314, and 
SDSS J1322+2631, and in all four cases one stellar bulge 
has an X-ray source detected at > 5cr but the other stel¬ 
lar bulge does not. We also classify SDSS J1356+1026 as 
a dual/offset AGN because of the difficulty in identify¬ 
ing a secondary AGN amongst the soft X-rays associated 
with the outflow from the primary AGN. 

Eurther observations are needed to distinguish whether 
each of these galaxies is in fact a dual AGN system or 
an offset AGN system. If deeper X-ray observations re¬ 


veal an AGN in the second stellar bulge of one of these 
systems, then it is a dual AGN system. On the other 
hand, if there is no AGN present the second stellar bulge 
of one of these systems, it is an offset AGN system. In 
the offset AGN case, the [O III] A5007 emission observed 
in the second stellar bulge can be explained if, e.g., the 
gas there is photoionized by the AGN in the other stellar 
bulge. 

Table [^ provides a summary of the properties of 
each dual/offset AGN. The line-of-sight velocity sepa¬ 
ration between the two AGNs’ [O III] A5007 emission 
components for SP SS 40841+0101 was measured in 
Greene et al. (2011), the velocity separat i on for SDSS 


40952+2552 is Eom Comerford et al. (2012), and 


the velocity separations for SDSS 41239+5314, SDSS 
41322+2631, and SDSS 41356+1026 were measured in 
Section l+H The quoted spatial separations a re th ose we 
measured between the stellar bulges (Section 
We discuss each dual/offset AGN in detail 


3.4). 

Telow. 


4.2.1. SDSS J0841+0101: Dual/Offset AGN 

SDSS 40841+01 01 was recognized a s a Type 2 dual 
AGN candidate by Greene et al. (2011). The system has 
two [O III] A5007 emission sources with AGN-like line 
ratios, nearly identical luminosities of Ljq jjjj ;^ 5 qq 7 = 

10^2 g-i^ ^ separation of 3?60 (7.28 kpc). The 
two [O III] A5007 emission components spatially coincide 
with the locations of two stellar bulges, 40841+0101NE 
and 40841+010ISW, to within 0.5 times the astrometric 
error. The merger ratio is 1.4:1, indicating that this sys¬ 
tem is undergoing a major merger. Our current Ghandra 
observations show an X-ray AGN in the more massive 
stellar bulge, 40841+0101NE (237.21^4^2 counts at 0.3-8 
keV, for a > 5cr detection), but an upper limit of only 
2.4 counts at 0.3-8 keV were detected in the less massive 
stellar bulge, 40841+0101SW. 

In the HST E814W and E438W images, we also de¬ 
tect spatially extended emission between the two stellar 
bulges. This emission, which is coincident with extended 
soft X-rays in the Ghandra data, could originate from 
photoionized or shocked gas in the merger. 

4.2.2. SDSS J0952+2552: Dual/Offset AGN 
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SDSS JQ952 +2552 was selected as a Type 1 double- 
peaked AGN in|Smith et al.|(|2010|), and follow-up obser¬ 
vations revealea two |0 III| A 5007 emission components 


1 single AGNs and that for Type 2 single AGNs. As a 
result, we conclude that J1239+5314NE is likely a Type 


separated by 1700 (4.85 kpc; 

McGurk et al.||2011 Gom- 2 AGN. 

erford et al. 

2012 

Fu et al. 

2012p that spatially coin- We detect two 0.3 — 8 keV X-ray sources, at > 5(7 


imaging (jRosario et al.|2011t|Fu et al.j2012|). We 
^rve these stellar bulges in our iib’'47F160W data. 


infrared 

also observe these stellar bulges'] 

Based on extracted spectra for each individual source, 


McGurk et al. 
a 'i'ype 1 AGN 


(2011) concluded that J0952+2552NE is 
wEIIe J0952+2552SW is a Type 2 AGN. 


keV X-ray detections of 
5cr and J0952-f2552SW at 


We make 0.3 — I 
J0952-f-2552NE at > 

0.5(7, and we find that the X-ray source positions 
agree with those of the stellar bulges (observed with 
HST/F160W) to within 1.2 times the astrometric error. 
The 2.0:1 merger ratio indicates an ongoing major 
merger. 

4.2.3. SDSS J1239+5314: Dual/Offset AGN 

This system was identifi ed as a Type 1 double-peaked 
AGN in Smith et al. (2010), and follow-up long-slit obser¬ 
vations revealed that this system is much more complex 
than its SDSS spectrum alone suggests. The long-slit 
spectra show four emission components that are distinct 


both spati ally and in line-of-sight velocity (Comerford 
et al.|2Q12 ). The double-peaked profile of the dDSS spec- 


trum corresponds to two [O III] A5007 emission compo¬ 
nents separated by only 0'.'39 (1.3 kpc), and our HST 
F160W observations show a stellar bulge coincident with 
the blueshifted emission component (J1239+5314NE) 
but do not show a stellar bulge coincident with the red- 
shifted emission component. Instead, there is a third 
emission component (which has a redshift between the 
blueshifted and redshifted components of the main dou¬ 
ble peak) at a larger dis tance (1'.'20, or 3.98 kpc; also 
reported in |Fu et al.|2Q12[) that does coincide with a s tel¬ 
lar bulge (J 1239+5314b W), seen both in imaging ( |Fu| 
et al.||2Q12 ) and in our i/ST/FlGOW imaging (Figure j^. 

This third emission component would be contained 
within the 3" diameter SDSS fiber, so that the resul¬ 
tant SDSS spectrum contains contributions from three 
spatially-distinct emission components. What makes this 
system interesting is that it was selected as a dual AGN 
candidate because of its double-peaked [O III] A5007 
emission lines, but the candidate dual AGNs we find are 
not responsible for the main double peaks. Instead, we 
find that the candidate dual AGNs produce a more sub¬ 
tle double-peaked pr ofile that was overl ooked in the ini¬ 
tial target selection (iSmith et al. 1120101 see also Figure 


8 of Gomerford et al. 


2012| for spectra of the two emis¬ 
sion components, labeled ’A’ and ’B’, that correspond to 
the candidate dual AGNs, while the main double-peaked 
profile is produced by ’A’ and ’C’). 

J1239+5314 has a combined SDSS spectrum that is 
Type 1, but it is unclear whether one or both of the 
sources (J1239+5314NE and J1239+5314SW) are Type 
1 AGNs. J1239+5314NE lies above the rms scatter of the 
mean value of log(I/x,2-iokev/i[o III] ASOO?) 

1 single AGNs, and muc h further above the m ean value 
for Type 2 single AGNs (|Heckman et al.j2005t Figure [^. 
J1239-I-5314SW lies within the rms scatter ()f both the 
mean value of log(Lx, 2 -iokev/TjQ jjjj ^ 5907 ) ^ype 


ration and orientation on the sky as the two [O III] A5007 
emission components, to within 3(7. Since the X-ray spec¬ 
trum is not soft and each source has a high soft X-ray to 
[O III] A5007 luminosity ratio (Tablej^ Table|^, we con¬ 
clude that photoionization is not lik^y producing these 
sources. 

While one X-ray source spatially coincides (0.16(7 dif¬ 
ference in spatial position) with the less massive stel¬ 
lar bulge, J1239+5314NE, the other X-ray source is lo¬ 
cated 3.57(7 away from the more massive stellar bulge, 
J1239-1-5314SW. Because we do not detect significant X- 
ray emission associated with the J1239+5314SW stellar 
bulge, it remains an AGN candidate. The mass ratio of 
the stellar bulges is 1.1:1, indicating an ongoing major 
merger. 

4.2.4. SDSS 31322+2631: Dual/Offset AGN 

SDSS J1322-F26 31 is one of the T ype 2 double-peaked 
AGNs selected in Liu et al. (2010), and the follow-up 


long-slit observations at a position angle of 79° East 
of North showed two [O III] A5007 emission components 
separated by 271 (Shen et al. 2011). Since the system was 
not reobserved at a second position angle, 271 is a lower 
limit on the true spatial separation between the emis¬ 
sion components on the sky, and we measured this true 
separation (2735, or 5.94 kpc) via the two Ra emission 
components apparent in th e i7S'r/F814W observations 
of this system (Section |3.4| ). 

This system is a minor merger with a mass ratio of 6.4:1 
between J1322+2631SW and J1322+2631NE. Two X- 
ray sources spatially coincide with the two stellar bulges 
to within 0.31 times the astrometric error. We detect 
29.8l5;5 counts (for > 5(7 significance detection) in the 
more massive stellar bulge, J1322+2631SW, but an up¬ 
per limit of only 0.6 counts in the less massive stel¬ 
lar bulge, J1322+2631NE. We also note that there is a 
faint, third stellar bulge that is located 2759 southwest 
of J1322+2631SW (the mass ratio of J1322-1-2631SW to 
the third stellar bulge is 36.3:1), but we see no evidence 
for an AGN in this third stellar bulge. 

4.2.5. SDSS 31356+1026: Dual/Offset AGN 

SDSS J1356+1026 is a luminous Type 2 quasar with 
double-peak ed emission lines in its SDSS spectrum (Liu 


et al. 2010|), and follow-up observations have shown 
that tJiis system is incredibly complex and interest¬ 
ing. Two [O III ] A5007 emission k nots seen in long- 
slit observations ( Greene et al.|j2Qll ) that correspond to 
two stel lar nuclei seen m ne ar-infrared (LCg-band) imag¬ 
ing led |Shen et al.| (|2011|) to conclude that the dou¬ 
ble peaks in J1356+1026 are likely produced by dual 
AGNs. The two emission sources, J1356+1026NE and 
J135 6-f 1Q26SW , are se parated by 1731 (2.89 kpc). How¬ 
ever, Fu et al. (2012) observed extended [O III] A5007 
emission m integral-field spectroscopy, in addition to the 
double stellar nuclei in near-infrared (Kp) imaging, that 
caused them to argue that the double peaks are produced 
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by an extended narrow-line region powered by a single 
AGN, and not dual AGNs. 

Further clarification of the complex nature of SDSS 
J1356+1026 came from observations of the extended 


[O III] A5007 emission, which Greene et al. (2012) at¬ 
tributed to a spectacular ^ 20 kpc scale outflow driven by 
radio-quiet quasar feedback originating from the quasar 
in J1356+1026NE. Analysis of the Chandra data that is 
also presented here showed extended soft X-ray gas lo¬ 
cated South of J1356+1026SW, where an extended ion¬ 
ized gas ou tflow is also present (jGreene et al.||2014| 

e to sh( 


Sun 

ocks 


et al.||2014[ ). The soft X-ray gas may be due 
within a quasar-driven wind or a by-produ ct of photoion¬ 
izatio n by the luminous buried quasar (Greene et al. 

Mil). 


We detect both J1356+1026NE and J1356+1026SW in 
0.3 — 8 keV X-rays, with significances of > 5cr and 4.4cr, 
respectively. The X-ray source positions are in agreement 
with the two stellar bulges observed in HST/F160W^ to 
within 1.0 times the astrometric errors, and the X-ray 
spectrum is well-fit by a spectral index F = 2.11, which 
indicates a very soft spectrum. This, when combined 
with the low soft X-ray to [O III] A5007 luminosity ratio 
of each source (Table Table [^, indicates that pho¬ 
toionization may be contributing to the observed flux of 
soft X-rays. 

Although we make a firm detection of J1356+1026NE 
in 0.3 — 8 keV X-rays (> 5cr significance), our 4.4cr detec¬ 
tion of J1356+1026SW is complicated by the soft X-rays 
in the region that are associated with the outflow. For 
this reason, we await upcoming deeper observations with 
Chandra (PI: Greene) before issuing a verdict on whether 
an AGN is present in J1356+1026SW, which would make 
SDSS J1356+1026 a dual AGN system. 

4.3. Six Likely Single AGNs 

The remaining six galaxies (SDSS J0142—0050, SDSS 
J0752-1-2736, SDSS J0854+5026, SDSS J1006+4647, 
SDSS J1448+1825, and SDSS J1604+5009) are likely sin¬ 
gle AGNs where the double-peaked narrow emission lines 
are the result of outflows, jets, or disk rotation. HST/IR 
observations are useful for revealing the stellar structures 
of these six galaxies. Four of them were observed with 
HST/F160W for this program, one of them has archival 
HST/FlObW imaging (J1604-1-5009; GO 12521, PI: Liu), 
and one of them has no published high-resolution imag¬ 
ing (J0752+2736). We cannot be sure of the exact mor¬ 
phology of J0752-1-2736 (in SDSS imaging it appears al¬ 
most edge-on, with no obvious substructure), but for the 
five galaxies with HST imaging we do not find double 
stellar bulges associated with the double [O III] A5007 
emission components. 

Two of the galaxies, SDSS J0752+2736 and SDSS 
J1006+4647, may have significant contributions from 
star form ation to the observed X-ray luminosities (Sec¬ 
tion 1^. In SDSS J0752+2736, 47% of the 0.5 - 8 keV 


luminosity may be due to star formation, while in SDSS 
J1006+4647, 41% of the 0.5 — 8 keV luminosity may be 
attributed to star formation. These two galaxies also 
have the reddest colors {W1 — WA > 6.5; Figure 13 of 
the eight galaxies whose mid-infrared fluxes are domi¬ 
nated by star formation, which suggests that these two 
galaxies may host highly obscured AGNs. 

We also examine the role of photoionization in these 


systems. In SDSS J0142—0050, the X-ray spectrum 
is not soft and each source has a high soft X-ray to 
[O III] A5007 luminosity ratio (Table Table®, indi¬ 
cating that photoionization is not producing the observed 
X-ray and [O III] A5007 sources. However, photoionized 
gas likely contributes to the observed fluxes of SDSS 
J0752-f2736 and SDSS J1448+1825, given their soft X- 
ray spectra and low ratios of soft X-ray to [O III] A5007 
luminosities. In each of these two systems, the two ob¬ 
served X-ray and [O III] A5007 emission sources could 
be produced by an AGN and a photoionized region, or 
a buried AGN with a biconical photoionization region. 
Given the evidence from the mid-infrared colors for an 
obscured AGN in SDSS J0752+2736, it most likely hosts 
a buried AGN with biconical photoionization regions pro¬ 
ducing the observed X-ray and [O III] A5007 sources. 

5. RESULTS 

5.1. Dual AGNs Have Systematieally Lower Hard 
X-ray Luminosities, at Fixed [0 HI] X5007 
Luminosity, Than Single AGNs 

Because of their multi wavelength nature, AGNs can 
be selected in many different wavebands via many dif- 



by dust and confusion with star formation. A cleaner 
selection of AGNs is via their hard X-rays, which can 
penetrate the dust that obscures optical emission lines. 
Hence, a scaling relation between hard X-ray luminosity 
Ax,2-iokeV and optical emission line luminosity (in this 
case, [O HI] A5007 luminosity Ljq jjjj ;^ 5 qq 7) has many 

applications. 

While such relations have been well-studied for single 
AGNs, it is unclear whether dual AGNs are described by 
the same or different relations. Erom a sample of 20 Type 
1 AGNs, selected to have z < 0.2 and [O I II] A5QQ7 fluxes 


greate r than 2.5 x 10 erg cm ^ s ^ 


Heckman et al. 


= 1.59T0.48. 


(2005) find log(Lx,2-iokev/AjQ jjjj ^5997 

We note that the luminosities in this relation are observed 
luminosities that are not corrected for intrinsic absorp¬ 
tion. Our sample includes one Type 1 AGN that is a 
member of a dual/offset AGN system, J0952+2552NE, 
and it lies below this relation but still within the rms 
scatter (Eigure® left). 

Eor a sample of 29 Type 2 AGNs selected with 
the same redshift and [ O III] A5007 flux criter ia as 


for the Type 1 AGNs, [Heckman et al. 


= 0.57 ± 


(2005) find 
06. As for 


log(i:x,2-10kev/i[O III] A5007 
the Type 1 AGN relation, these luminosities are observed 
luminosities, but the Type 2 relation has a smaller am¬ 
plitude and larger scatter than the relation for Type 
1 AGNs. A sample of eight optically selected Type 2 
quasars at 0.39 < z < 0.73 also f ollow roughly the same 
relation as the Type 2 Seyferts (jPtak et al.||2006|). Eor 
comparison, we find that Type 2 AGNs that are con¬ 
firmed dual AGNs and dual/offset AGNs lie systemati¬ 
cally below the relation for Type 2 single AGNs (Eigure[^ 
middle). 

Erom a sample of four opticall y selected Type 2 
double-peaked AGNs from SDSS, [Liu et al.j (2013) 
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Fig. 5. — Observed hard X-ray luminosity (2-10 kev) vs. observed [O III] A5007 luminosity for confirmed dual AGNs (filled sym- 



find a hint that these objects fall systematically be¬ 
low the I/x,2-iokeV - ^[o III] A5007 for single 

Type 2 AGNs. For their two confirmed dual A GNs 
and two candidate dual AGNs, |Liu et ah] ( |2Q13| ) find 
log(I/x, 2 -iokev/AjQ jjjj ;^5 oo7) ^ ^ 0.40. Four of 

the eight AGNs in their sample had upper limits on their 
2-10 keV luminosities, which they included as detections 
when measuring log(Lx, 2 -iokev/AjQ jjjj ;^5007)- 
Here, we measure log(Lx, 2 -iokev/AjQ jjjj ^ 5907 ) 

five firm detections of Type 2 AGNs in dual AGN sys¬ 
tems. We combine our detections of two Type 2 AGNs 
in a dual AGN system with the three firm detections 
of Typ e 2 AGNs in dual AGN systems in [Lin et ah 
(2013). J1146-1-51 lONE is part of the confirmed dual 
AGN system SDSS J1146+5110, but we do not include 
J1146+51 lONE here since it has only an up per limit mea¬ 
surement of Tx, 2 -iokeV (Liu ct al. 2013|). We also do 
not include any of the dual/ottset AGlNs. With the total 
sample of five Type 2 AGNs in dual AGN systems, which 
have double-peaked narrow AGN emission lines in their 
SDSS spectra at 0.1 < 2 ; < 0.2, we find 


log 


Lx,2- 


lOkeV 


L 


[O III] A5007, 


= 0.32 + 0.66 , 


( 1 ) 


which is half what is measured for single Type 2 AGNs 
(Eigurej^ right). 

This difference can be explained if the Type 2 dual 
AGNs are overluminous in [O III] A5007 and/or under- 
luminous in hard X-ray luminosity, when compared to 
single Type 2 AGNs. We find that the dual AGN system 
presented in this paper, SDSS J1126+2944, is overlumi¬ 
nous in [O III] A5007 not only when compared to its hard 


X-ray luminosity, but also when compared to its mid- 
infrared (12 yum) luminosity Amir. SDSS J1126+2944 
has the lowest ratio of mid-infrared to [O III] A5007 
luminosities (log(I/MiR/T[oiii]) = 1.2) of our 12 tar¬ 
gets, and it is also 1.4 dex below the mean luminosity 
ratio for a sample of optically-selected Type 2 AGNs 
in SDSS (log(I/MiR/ T[Q ni] ) = 2.6; standard deviation 


0.4; LaMassa et al.| 2Q1Q[). The higher [O III] A5007 


luminosity of the dual AGN system could be a conse¬ 
quence of excess gas that is available due to the ongoing 
galaxy merger. 

On the other hand, the low values of 
log(ix,2-10kev/-t'[O III] A 5007 ) ^ AGNs 

could also be explained by galaxy mergers that produce 
systematically lower hard X-ray lum i nositie s in dual 


AGNs, as is suggested by Liu et al. (2013). Galaxy 
mergers have been linked to both star formation and 


funnel gas towards the galaxy centers (e.g.. 

Heckman 

et al. 1119841 ISanders et al.||19881 Barnes & 

Eernquist 

19921 Hopkins et al. 2008). The excess of gas at the 

_ ___ A _V __ n _ 


which is produced very close in to the AGN (photons 
from the accretion disk are Gompton scattered by hot 
electrons in the corona above the accretion disk), to a 
greater extent than it absorbs the [O III] A5007 flux, 
which is emitted by low-de nsity gas on the much larger 


scales of the NLR (e.g., Pogge |1989 ). Dual AGNs 


are in ongoing galaxy mergers, and the higher nuclear 
gas column in mergers could explain why dual AGNs 
have systematically lower hard X-ray to [O III] A5007 
l uminosity ratios t han single AGNs. 


Liu et al. (2013) also suggest that the lower hard X- 
ray luminosities could be a selection effect not of dual 
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Fig. 6. — Luminosities of the dual AGNs and dual/offset AGNs 
in comparison to the mass ratios of the galaxy mergers, measured 
as the ratio of the stellar bulge luminosities Filled sym¬ 

bols illustrate the dual AGNs, while double symbols illustrate the 
dual/offset AGNs. Top: Bolometric luminosity of each AGN, with 
the luminosity of the AGN in the more massive stellar bulge shown 
as a square and the luminosity of the AGN in the less massive stel¬ 
lar bulge shown as a circle. In the dual AGN system the more 
massive stellar bulge hosts the more luminous AGN. The dashed 
vertical line shows the = 3 dividing line between major 

and minor mergers. Bottom: Ratios of AGN bolometric lumi¬ 
nosities for the dual AGNs and dual/offset AGNs, illustrating the 
relation Li^ol!L^ol,2 = UEdd,ilfEdd, 2 ){L*^ilL^^2)- The dotted 
line shows the case of fEdd,i/fEdd ,2 = I? and all of the galaxies 
lie below this line. This demonstrates that the AGN in the less 
luminous stellar bulge has the higher accretion rate in all cases. 


AGNs intrinsically, but of dual AGNs that also produce 
double-peaked narrow emission lines. The detection of 
dual AGNs via double-peaked narrow emission lines re¬ 
quires the two AGNs to be well-separated in line-of-sight 
velocity, and since dual AGNs orbit in the potential of the 
host galaxy, large line-of-sight velocity separations are 
more likely to be observed in edge-on galaxies. Edge-on 
galaxies, in turn, have larger absorbing gas columns that 


could explain the lower observed hard X-ray luminosi- 
ti es. However, the HST morphologies of the dual AGNs 


Liu et al. (2013) do not suggest a preference for edge- 


on nosFpilaxTes^Furt her, three ot her known dual AGN s 
with X-ra y detections - NGG 6240 ( Komossa et al.|20Q^, 
Mrk 463 ([B ianchi et al.||2008), and IVlrk 266 (jlVlazzarella 
et al. - were not selected by double-peaked nar- 


row emission lines, yet they sti ll have lower ha rd X-ray 
luminosities than single AGNs ( Liu et a'r]|2013 ). 

As a result, we interpret the lower hard X-ray to 
[O III] A5007 luminosity ratios of dual AGNs to most 
likely be a consequence of galaxy mergers. Galaxy 
mergers drive excess gas onto the AGNs that increase 
their [O III] A5007 luminosities, and mergers also induce 
higher nuclear gas columns that suppress the hard X-ray 
luminosities of the AGNs. 

5.2. Four of the Six Dual and Offset AGNs Are 
Undergoing Major Mergers 

Galaxy merger simulations have shown that major 
mergers are capable of triggering dual AGNs with 
double-peaked emissi on line signatures such as those ob¬ 
served in our sample (Blecha et al. 2013). More generally, 
observations of AGN pairs have fo und that the AGN frac¬ 
tion is highest for m ajor mergers ( Woods fc Geller||2QQ7 


Ellison et al.||2Qll ). If we use the stellar bulge lummos 


ity ratio as a proxy for the galaxy mass ratio, we find 
that four of our six dual and offset AGN systems are in 
agreement with this picture and are major mergers with 
mass ratios of 1:1 to 3:1. 

The dual AGN system SDSS J1126+2944 is in an ex¬ 
tremely minor merger with a mass ratio of 460:1. Our 
discovery of dual AGNs in a minor merger is in tension 
with theoretical expectations for dual AGNs. A phe¬ 
nomenological model of dual AGNs argues that minor 
mergers are unlikely to produce dual AGNs with double- 
peaked emission lines that have a comparable luminosity 
in each peak, which are the types of line profiles typically 
selected in spectroscopic searches. There has been one 
simulation of a minor merger, a 10:1 spiral-spiral merger 
(Van Wassenhove et al. 2012) in which the time period 
of dual AGN activity was sho rter than for major mergers 
(|Van Wassenhove et al.|2012|) . The enhanced tidal strip- 
ping and ram pressure on tne less massive galaxy lim¬ 
ited the time frame for efficient accretion onto its central 
SMBH. Minor mergers need to be explored in more detail 
by simulations to place SDSS J1126+2944 in the broader 
context of how and how often such minor mergers pro¬ 
duce dual AGNs. We also note that SDSS J1126+2944 
may have begun as a major merger, with extreme tidal 
stripping leading to the 460:1 mass ratio we presently 
observe. 

Studies of galaxy pairs with separations < 80 kpc 
have found that the AGN fraction is enhanced relative 
to field galaxies and that this enhancement is strongest 
for major mergers and for the more massive galaxy in 
the merger (Woods & Geller 2007 Ellison et al. 2011). 
Other observations of galaxy pairs hnd that [O III] A5007 
lumi nosities are hig her in the less massive galaxy in a 
pair (Liu et al.|2012 ). A phenomenological model of dual 
AGNs finds that 30% — 40% of the simulated dual AGNs 
have the br ighter AGN in the smaller stellar bulge (Yu 
et al. 2011), while galaxy merger simulations also find 
that which AGN is brighter changes with time as the 
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merger progresses ( Van Wassenhove et al.|2Ql^ . For the 
dual AGN system, we find that the more luminous AGN 
is hosted in the more luminous stellar bulge (Figure]^. 
The dual/offset AGNs are a mixed bag, with three sys¬ 
tems that have the higher [O III] A5007 luminosity in 
the less luminous stellar bulge, one system that has the 
higher [O III] A5007 luminosity in the more luminous 
stellar bulge, and one system that has equal [O III] A5007 
luminosities in both stellar bulges. 

We also examine the relative accretion rates of the two 
AGNs in the dual AGN system, where we denote the 
more luminous stellar bulge with “ 1 ” and the less lu¬ 
minous stellar bulge with “ 2 ”. If we combine the Ed¬ 
dington ratio fEdd = Li)oi/LEdd and the Eddington lu¬ 
minosity LEdd = ^'kcGMbh'^p/ctt (where nip is the 
mass of a proton and (Tt is the Thomson cross sec¬ 
tion for scattering), then we find that Lijoi.i/Li)oi ,2 = 
{fEdd.i!fEdd, 2 ){MBH,ilMBH, 2 )- If wc assume that the 
black hole mass traces the host stellar bulge luminosity 

dMarconi fc Hunt|2QQ3|[McLure fc Dunlop|2QQ4 Graham 

20071), such that Mbh ~ ^ 


^007p, such that Mbh'i/Mbh ,2 = tlien 

Lbol,l _ fEdd,l 


( 2 ) 


Lbol,2 fEdd,2 

With this approach, we find that the dual AGN system 
has fEdd,i/fEdd ,2 = 0.002 (Table Eiguref^ and that 
the five dual/offset AGNs also have fEdd,i/jEdd ,2 < 1- 
Our finding that every dual AGN and dual/offset AGN 
system has fEdd,\/fEdd ,2 < 1 means that the AGN in 
the less luminous stellar bulge is accreting at a higher 
Eddington ratio than the AGN in the more luminous 
stellar bulge. 

Our result is in agreement with hydro dynamical simu¬ 
lations of galaxy mergers, which find that the Eddington 
rate is higher for the AGN in the less massive of the 
two merging galaxies ( Capelo et al.[20i4 ). Other merger 
simulations have also produced situations where the less 
massive black hole accretes at a higher Eddington frac¬ 
tion until the less massive galaxy’s gas is lost t o ram 
pressure stripping (Van Wassenhove et al. 2012). The 
higher Eddington rates in the less massive galaxies can 
be understood if the less massive galaxies have more gas 
available to them (e.g., higher gas fractions) or if the gas 
accretion is more efficient in less massive galaxies (e.g., 
they experience stronger gravitational instabilities dur¬ 
ing mergers). 

5.3. A Hint That Major Mergers Trigger Higher 
Luminosity AGNs 

While galaxy merger simulations have predicted that 
higher luminosity AGNs are more likely to be triggered 
in m ajor galaxy mergers than lo wer luminosity AGNs 
(e.g., Hopkins & Hernquist 2009), the observational re¬ 
sults have not converged. One study, which identifies 
mergers via visual morphology classifications, finds that 
the fraction of AGNs in mergers increases from ^ 20% to 
^ 60% from AGN bolo metric luminosities o f ^ 10^^ 
s“^ to 


10^6 g 1 (Treister et al. 


| 2012 ||. 

ly (IKo 


erg 
Two other 


studi es, which quantify mergers visually dKocevski et al. 
20121 ) or by the asymmetry of the galaxies (|Villforth et al. 


2014), find no correlation between major mergers and 
AGN luminosity. The discrepancy in these results might 
be attributed to the known difficulties in making com¬ 
plete and accurate identifications of mergers with these 


observation al approaches (e.g., Gonselice et al. 2003 Lotz 

erari|2^ . 

Dual AGNs and offset AGNs present a solution to 
this observational problem, since they are by defini¬ 
tion AGNs in galaxy mergers. Here, we consider only 
the four dua l/offset AGNs that are in major mergers 
(Section |5.2p , and we com pare them to the six likely 
single AGNs (Section |4.3p . The existing host galaxy 
stellar mass measurements based on fits to the SPSS 
photometry (jKauffmann et al. 20031 Salim et al. 2007) 
show that the mean stellar mass of the major niergers 
(log[M*(M 0 )] = 11 . 1 ) is similar to the mean stellar mass 
of the host galaxies of the single AGNs (log[M^(MQ)] = 
10.9). We convert the AG Ns’ [O HI] A5Q07 lurn inosities 
to bolometric luminosities ( [Heckman et al.|2004p , and we 
find that the four dual/offset AGNs have a mean AGN 
bolometric luminosity of 4.1 x 10^^ erg s“^ (standard de¬ 
viation 4.1 X 10^^ erg s“^) while the six single AGNs have 
a mean AGN bolometric luminosity of 4.0 x 10^^ erg s“^ 
(standard deviation 1.8 x 10^^ erg s“^). The dual/offset 
AGNs in major mergers are a factor of 10 times more 
luminous, on average, than the single AGNs. 

If we assume that the six single AGNs are not in merg¬ 
ers, then this suggests that AGNs in major mergers (the 
dual/offset AGNs in major mergers) have higher lumi¬ 
nosities, in agreement with the trend seen in simulations. 
However, so far this is only a hint, as a larger sample is 
needed to confirm the trend. 

5.4. Dual AGN Oeeurrenee May Depend on the 
Separation between Two Merging Galaxies 

Since galax y mergers are efficient at driving central gas 
inflows (e.g., [Barnes fc Hernquist ||1991| [Spr ingel et al. 
2005 [Hopkins & Hernquist 2009), there is an expecta¬ 
tion tnat the AGN fraction will increase as the merger 
progresses and the supermassive black hole pairs in a 
merger reach smaller separations. In general, simulations 
have predicted that the AG N fraction peaks at black hole 


Blecha et al. 

2013 

). 

To date, o 

Dservational studies of merger-driven AGN 


or quasar 

pairs (e.g., Hennawi et al. 20061 2010 

Elli- 

son et al. 

2011 Liu et al. 201 1| Satyapal et al. 

sonf 

or single i 

\GNs m galaxies with merger-like mori 

Dholo- 

Kies (e^., 

Kocevski et al.[[2012| [Treister et al. [2012 

Vill- 

forth et a 

. 2014p. Our sample of dual and offset AGNs 


two regimes of pre-mergers and post-mergers. Because 
of the small p^ected separations and line-of-sight ve¬ 
locities (Table 1^, the sample likely consists of merging 
systems and not flybys. The < 8 kpc separations be¬ 
tween merging galaxies also enable us to measure the 
AGN fraction to smaller separations than ever before. 

Observations have shown that the AGN fraction in¬ 
creases as the separation between t wo merging galaxies 


decreases from 1 00 kpc to 10 kpc (Ellison et al. [2011, 
Koss et ^[ 2012 ), and our data hint that the trend con¬ 


tinues for separations < 10 kpc. Of the six merging 
galaxies in our sample, the smallest separation merger 
is the only confirmed dual AGN system {Ax = 2.19 kpc; 
SDSS J1126-1-2944) and the second-smallest separation 
merger is a likely dual AGN system {Ax = 2.93 kpc; 
SDSS J1356+1026; awaiting confirmation from upcom- 
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ing Chandra observations). This suggests that dual AGN 
activation could indeed be more common for merging 
galaxies with smaller separations, and this trend could 
be confirmed with a larger sample of dual AGNs. 

6 . GONGLUSIONS 

We have presented Chandra/ACIS observations of 12 
dual AGN candidates, including HST/WFC3 observa¬ 
tions of 10 of them. These dual AGN candidates were 
selected by double-peaked narrow AGN emission lines 
in their SDSS spectra; two AGN-fueled [O III] A5007 
emission components separated by > 0775 in optical 
long-slit spectroscopy; and an estimated 2 — 10 keV flux 
(estimated from the measured [O III] A5007 flux) for 
each AGN of Tx, 2 -iokeV > 8 x 10“^^ erg cm“^ s“^. The 
optical spectra alone are insufficient to identify whether 
these candidates are dual AGNs, but the criteria above 
were set up to enable Chandra detections of two X-ray 
sources corresponding to the two [O III] A5007 emission 
components, which would confirm dual AGNs. 

The main results of our work are summarized below. 

1 . We have discovered a dual AGN system in SDSS 
J1126+2944. In this system, we detected two X-ray 
sources, at > 2cr each; the projected separation and ori¬ 
entation on the sky of the two X-ray sources match those 
of the two observed [O III] A5007 emission components 
to within 3cr; and the positions of the two X-ray sources 
match the positions of two stellar bulges observed in 
HST/F160W imaging, to within 3cr in astrometric accu¬ 
racy. The projected spatial separation of the dual AGNs 
is 2.19 kpc. If the secondary AGN is indeed associated 
with the faint secondary stellar bulge, then the merger 
ratio of the system is 460:1. This suggests that the sec¬ 
ondary source may be a dwarf galaxy hosting an inter¬ 
mediate mass black hole or the tidally-stripped remnant 
of a galaxy hosting a supermassive black hole. 

2 . We find five systems that are either dual 
AGNs or offset AGNs: SDSS J0841+0101, SDSS 
J0952+2552, SDSS J1239+5314, SDSS J1322+2631, and 
SDSS J1356+1026. SDSS J1356+1026 might be defined 
as dual AGNs, except that it has soft X-rays associated 
with an outflow that confound detection of the secondary 
AGN. The other four dual/offset AGN systems have two 
[O III] A5007 emission components with the same spa¬ 
tial separation and orientation on the sky as two stel¬ 
lar bulges (to within 3cr), and X-ray sources detected at 
> 5(7 in one stellar bulge but < 2 a in the other stel¬ 
lar bulge. The projected spatial separations between the 
stellar bulges are 2 < Ax (kpc)< 8. Follow-up obser¬ 
vations are needed to determine if each system hosts an 
AGN in the second stellar bulge (confirming dual AGNs) 
or not (confirming an offset AGN). 

3. We find six systems that are likely single 
AGNs: SDSS J0142-0050, SDSS J0752+2736, SDSS 
J0854+5026, SDSS J1006+4647, SDSS J1448+1825, and 
SDSS J1604+5009. We do not detect double X-ray 
sources or double stellar bulges associated with the dou¬ 
ble [O III] A5007 emission components in these galaxies, 
and we conclude that the double-peaked narrow emission 
lines in these galaxies are the result of outflows, jets, or 
disk rotation. 

4. Three of the galaxies show evidence for photoion- 
ized gas, via their soft X-ray spectra and low ratios 
of soft X-ray to [O III] A5007 luminosities. One of 


these galaxies is either dual AGNs or an offset AGN 
(SDSS J1356+1026), and the other two are likely sin¬ 
gle AGNs (SDSS J0752+2736 and SDSS J1448+1825). 
In these systems, one or both of the observed X-ray and 
[O III] A5007 emission sources could be produced by a 
photoionization region near a single AGN. 

5. Type 2 dual AGNs have 2-10 keV hard X-ray 
luminosities that are two times lower, on average and 
for fixed [O III] A5007 luminosity, than for Type 2 sin¬ 
gle AGNs. We interpret this as the likely consequence 
of dual AGNs residing in galaxy mergers, where the 
merger drives excess gas onto the AGNs that increase 
their [O III] A5007 luminosities. The merger also acts 
to decrease the observed hard X-ray luminosities, since 
it produces high nuclear gas columns that absorb more 
X-ray flux (which is produced in close proximity to the 
AGN) than [O III] A5007 flux (which is produced on the 
larger scales of the NLR). 

6 . Using the ratio of the stellar bulge luminosities as 
a proxy for the merger mass ratio, we find that four of 
the six dual and dual/offset AGN systems occur in ma¬ 
jor mergers with mass ratios of 3:1 to 1:1. The dual 
AGN system SDSS J1126+2944 is in an extremely mi¬ 
nor merger of mass ratio 460:1, which does not fit the 
common theoretical expectation that dual AGNs are pro¬ 
duced in major mergers. The dual AGN and dual/offset 
systems are mixed in terms of whether the more lumi¬ 
nous AGN is hosted in the less or more luminous stellar 
bulge, which is consistent with predictions from simula¬ 
tions and phenomenological models. In all of the dual 
AGN and dual/offset systems, the less luminous stellar 
bulge hosts the AGN with the higher Eddington ratio, 
which suggests that the less massive galaxies in merg¬ 
ers have higher gas fractions and/or more efficient gas 
accretion. 

7. The dual/offset AGNs in major mergers have bolo- 
metric luminosities that are 10 times higher, on average, 
than those of the six single AGNs in our sample. If we 
assume that the six single AGNs are not in major merg¬ 
ers, then this result hints that AGNs in major mergers 
are more luminous than those that are not. However, a 
larger sample size is required to confirm this result. 

8 . The probability of dual AGN activation may in¬ 
crease as the separation between two merging galaxies 
decreases from ^ 10 kpc to ^ 1 kpc. The galaxy mergers 
in our sample have separations that range from 8 kpc to 2 
kpc, and the smallest separation system is the confirmed 
dual AGN system {Ax = 2.19 kpc; SDSS J1126+2944), 
while the next-smallest separation system is likely to be 
a dual AGN system {Ax = 2.93 kpc; SDSS J1356+1026). 
Again, a larger sample of dual AGNs is needed for con¬ 
firmation of this trend. 

Our finding that dual AGNs have systematically lower 
hard X-ray luminosities than single AGNs underscores 
the need for deeper X-ray observations of dual AGN can¬ 
didates. When setting up this program, we relied on the 
[O III] A5007 to hard X-ray scaling relation for single 
AGNs to estimate the Chandra exposure times needed 
to make firm X-ray detections of the AGNs. In reality 
the dual AGNs have significantly lower hard X-ray lumi¬ 
nosities than predicted by the relation for single AGNs, 
which is why many galaxies in our sample have too few 
X-ray counts to confirm or refute them as dual AGNs. 
The [O III] A5007 to hard X-ray scaling relation for dual 
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AGNs, which we establish here, will be invaluable for 
setting up future X-ray programs to confirm dual AGNs. 
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